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bases that are capab^oSranlck^s^^^^ ^ilsesquio.xanes (POSS) wh.ch utilize the action of 

erate hydro.Mde tOHl": alkoxide [RO]-. etc. TTie first pr^ess uSe^lc^h"" '"iT*" ^'^ ^ S'^"" 

works in polymeric sU.^ouioxanes (RSiO, where »= lTcS^ o h f^cT" ^""""^ ^ sUicon-oxygen frame- 

bomolept^c. ffRXSiO.,,,]^.. functionalize^I homol!p«c ( R^cT^ TSo "7 k "r'"^'"^^**''""""'^ URSiO,,,.,... 
tuncuonahzed heteroleptic nanostnictures. Tbc second p^e^ut hi h?' ''"^-'w T'^^^ ((RSiO„,„(RXSiO,,u... 
formulas f(RSiO.,,„l.,. homolcpiic and f.RSiO.s. (R SiO H h ^ ° ^^^S nanostnxctures of 

eroleptic oanostnicnues from siLes RS X, i^^fc'^Iil'li^^^^^ and [,RS.O.,)„(RXSiO, oM... ftinctionalized hot- 
m=0-.0. X=OH. a. Br. 1. alkox.de OR. acetate oS ^^^^^^^^ RX:Si.(OSiRX)„-OSiRX: where 

utUizes base to selectively ring-open the s.licon-oxvoen J o S.^T ''l^^'^^ "^^^ ^''^ '^^ process 

completely condensed nano.,tructure... TT.e.se proce'se. Lo SoH i ^ '"""^ " '^^S species with in- 

POSS spec.es that can undergo additional cheS m^^^^nsTo'^^l^S^^^ '"^^ "> 

menzaiion. grafting, or other desirable chemical rtactions '""^ P^^S-species suitable for poly. 



I 

2 
3 
4 
5 

6 



7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 

20 

21 

22 

23 

24 

25 

26 



WO01/I0S71 

PCT/US00/2I455 



SpeciflcatioQ 

PROCESS FOR THE FORMATION OF 
POLYHEDRAL OLIGOMERIC SILSESQUIOXANES 

-BACKGRQUNn ORT-HE-I^-VE-NT-TQN- 
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Th.s disclosure descnbes „.ethods that enable the selective manipulation of th- 
0^^^^^^^^ frame^vorks in polyhedral oUgo.enc silses.uioxane (POSS) aee lo.ecu les^ 
s estred to selectively manipulate the frameworks of POSS compounds bec;use" 
eful OS Chemical species that can be ^rther convened or incorporated into a wide varie l 

TZT: 1- '"^ -P'-^ precipitated Silicas" : 

:^0^T'°''^ a polvm^ ° 

colo no, "^^^^-'"^ Ph--' P-Penies to 

common polymenc materials. ^h'^^wcs to 

■he hvd^ - ^= prepared in synmedcally u3=mi ,a^,i„cs via 

hy roly„c co„d.„sa.,on reactions of rtfin,ca„„a, organosiHcon monomers afford ZZ 
Mym=r,c re3,„s and POSS molecules U,a. are unsuitable for use in po JelZ 
^ms reactions because ,h=y do no. possess fte desired type or degT of rTtive 

!; , f " *° """■""'"^ KRSiO,^,.], („here R. includes 

but ,s „o, taued ,0 aliphatic, an>„atic, olefinic or alkoxy groups and n = 4-14) can b! 
prepared ,„ jood ,o excellenc yields from readily available orgrosiiicon mo„o„ne:a^ 
enormous .ncenuves for developing a mchodology capable of converting U,ese POSS sp^" 
n» systems beanng funconalit.es that are more desitable for pol^eHzation I 
a.alys,s or compa„b,l,za,.o„ with conm,on organic resins. Examples of such dCi^bre 



28 

29 organohalides. alcohols, alkoxides. amines;cv:na;es:::ni:; 

esters, and straineH ' «P°'^'des. organoacios. 



30 esters, and strained olefins. 

of the r'°' ^""^'""-ane field has taugh, processes for the chem.cal manipulation 
of the organ,c funconalities (substintents denoted by R) contatned on the silicon oxvie" 
«s of polyhedral oligomeric silsesouioxanes. V^„e these medtods are gh y Tsel 

^ways amena le to l„„-cos, manuftcnmng nor do they ofe the ability to selectively cj 

Znw ^'"7""^'" "^"""^ -hod 

2° ,7 *° "^'^ --'="e >ow cost silane 

s.l,cate. polystlsesqutoxane (aka T-resins or T-type siloxanes) or POSS systems 
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Prior art has reponed that bases (e « NaOH icnu x 

catalyze the poivmerization of POSS into 171^ ^ ^° 
nniuc i ''S^^'y "Wins or to convert selec^^^ 

polys.Isesqu.oxane resins into homoleptic polvhedral oli^omeric sil.l 

Mars^ann et al have more recently shown L'a variety If bos" ca^T T"""' 

smaller ho.o.epnc POSS cages into larger sized hoITj- ^^^^^^^^^ 

not afrord th. selective man.puiat.on of silicon-oxygen frameworks and the subseauent 

8 control ed production of Pn9<:: frn„.„ . u . . ana me suDsequent 

9 Pn<:^ n, • fragments, homoleptic POSS nanostmctures. heteroleptic 
9 POSS nanostmctures and fianct.onalized heteroleptic POSS nanostmctures. Fur^hern. r I 

and subsequent polyn.erizat.on or grafting reactions. This oversight in the prior Tis 

5 m^ . """" ^« ^y--^ desired for POSS 

monomer/polymer technology were not envisioned in the pnor art. Additionally the prio^a^ 

slbPf 7"" °' °" - s.lsesquio.xane f edsl" 

7 suitable for producing low-cost and high purity POSS svstems 

In contrast to the prior art (Brown et al. and Marsmann et al.). the processes taueht 
ere specifically enable the development of lower cost, high puritv POSS s eTb 1^ 
20 f-ctionalitiesusefulasderivitizablechemicalreagentsandfeedstocks. ''"'"^ '^"^'^^ 

SUM.MARY OF THE INVTN'TTnM 
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Examples of ,hes= ,ow cos. feedstocks ,nclad= bu, arc no, ,i„,i,ed to: Polvsilsesouioxancs 
(RS.O, ,].. homol=p,ic Polyhedral Oligomeric Siiscsquioxanes (POSS) ((RSiO, 
runaionalized homolep.ic POSS [(RSiO, 5).(R.XSiO,,0).i- . h=.croIep,ic POSS 
l(RSiO,.i,.(RSiO: ;,]:.. functionali.ed l,e«rolep„c POSS !(RS10uMRXSiO,.o).). and 
polyhedral oligome.c sU.cates f(XSiO,,,.]^, and ?oss fra^ents ((R.XSiO,.i).J. 

DEFIMTION OF FORMULA REPRFSFnt^tIONS FOR POSS 

nanostructhpf';. 

""'T"'"" '"■^■''"^■"'"^ *'= •"■"""^"■^ and chemical composmons 

.he follow,„g definiuon for representations of nanostrttctural-cage fom,ulas is made: 

36 Polysiisesqutoxanes are matenals represented by the fonnula [RStO„J. wh.„ - . dc^ee of 
- Polyn^enzatton w.thin the catena, and R = orgar.ic substttuen, (H, cyclic or linear aliphatic 
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3 hcoleptic o heZ .^^^^^^^^^^ °^ ^°'«oxanes .ay be eithe; 

; - - -p 



8 [(RSiO,.5)n]r, for homoleptic compositions 

9 [(RSiO,.5)JRSiOu).K for heteroleptic compositions 

10 [(RSiO,,URXSiO,o)J., for fonaionalized heterolept.c compositions 

• • [(XSiO,.5)]., for homoleptic silicate compositions 
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15 (NCO), and R The s Jh„u T , "^=' '^"^X^^aK 

andR. The syn,bol.m and „ refer .o*c«oichi„™=„ of ftecomposWon. The 
ymbol I ,„d,ca.es thar U,e composition fom,s a nano3«.»e and U,= syn,bol * refers ,o .he 
-^-fs„.cona».s=onuinedwid,i„U.enano_ T.e vaineTor * is * 
Teh " " " ^' ""f-^- - ' for de,e™Ln. 

21 



22 POSS Fragment are defined as s,n.c,ura. subcon,ponen,s ,ha. can be assembled ,„,o POSS 
-4 ^'"""""^ tee mgmems are not polyhedral nanostrrcmres. 
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Example of Polysilsesquioxane Resins [RSiO, 
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Si— -0— Si 



" ^« S^-S.^ 



""^'O..,,.. ,„3o.,„, „«3iO.„.^,o ;«s«..M." 

Examples of Horaoleptic POSS Systems [(RSiO,, 

a — 0 — s.^ 

-A 

S— O— Si— 
R-l-A— oJ-SL 

KRSiO, 5)7(R'SiO, sJtjjj 

Example of a Heteroleptic POSS System [(RSiO,,UR'SiO.,)Jr. 




((RSiO, 5i6(RXSiO, o):jr5 



Example of a Functionalized Homoleptic POSS System [(RSiO.,URXSiO,,)J.. 



Sr— 

?o' ^^^^ 



f(«SiO,5h{R-S.O,;;,.RXSJC,o)3i:: 

Ex»pl. of a Funcionaii^d H«=ro,epc,c POSS Sys,=^ [(RS,0,,,UR.S.O,,,,R.XSiO, J,J. 

X — y 0^ 0 

Example of a Polyhedral Oligomeric Silicate System [(XSiO,j)Jj. 
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fe'.. °f Sitequioxanc. SiHcorc. POSS Na„„„ruc,u„3 and 



! P^^-^'^'- '■ROCFSS V.R.AB, F. . PP, ■ o. . TO ALL P^nrr.c, 

- A. ,s .yp,cal w„h chemical processes .here are a number of variables tha, can be 

■> '0 coniro the purity selecrivitv ..J u """oies mat can be used 

P nty. selecnvtty, rate and mechan.sm of any process. Variables influencing 

.he ptocess for the converston of po,ysi,ses,uloxanes (RSIO,,,. into POSS str^curel 
t(>«'O.J.I.. ((RSiO,.,.(RSiO,,,J., ((RSiO,.5,.(RXSiO,„„,., 

((RSiO..,URSiO, .URXSiO, JJs. include but are no, be limited to the foUowtng: chemica, 
class of base, silicon.xygen ring size, compositton .>pe (RSiO,,). (si,ses,uioxa„e) 
((RS.O,.5),(R,SiO,„k. (siisesquioxane-siloxane). [(RSiO,,WXSiO,.5),J^ (silsesquioxane- 
.itcate,, effec, of the organic substttuents, ptocess temperamte, pt^ess solvent proems 

u ::r::s::t:r°"--^'^=----- --nhese'~ 

12 

Co-reagent Promoters 

M the h f """"" '° - =ffect.v=ness of 

; lb : r ' '" ™— *a. To" „ 

Te P^;^ ~u r --^'^ P-o.e format! 

- .h.o„ co-bases such as (Me:,S„,(OH, and [Me.Sbl[0„, have been shown to pZ 

- hemtca, transjormattons of POSS systems ye. have no, been utilized as a co-reagent in the 

„ ',n lie \ . *'^««' AII3. AlBrj 

- A CI,, MF,. e,c.) boron compounds including (i.e. RB(OH),, BI,, BBrj, BCl, BF, e,c 

- whtch ate known ,0 play impor,a„, roles in ,he solubilizadon and n^g. 'ening 
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polymerization of cvclic si'Iirnr,*.c ^ ^ • . 

silsesquioxonc. " of polyhedral cligomeric 
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and solves interacuons all plav in,„ J <=°"c=ntration. 

There are a wide ™^ of LL t "^"""^ 

are no, li.,ed ,o: Mro™ 1 . 

H f '''^"' CROJ-.'^boxylatesIRCOOr, amide. 
1«.^-(U;nR]. caroanions [R]- carbonate [COj]-' sulfate fSO 
P-P.a.e (PO.r. «p....e f„PO.,, p.,.oun.. ylide. Ca.P, le 
B OHW cy»aMOCN,-, fl.ride frr, ..^c.on. (oor, silioa. (SiCf s,a„..,e 
[SnOa] basic metal ox des (e.? Al O Can 7nn ^ • ^ 

here are no. limited ,o U., abovelmenaoned I le *= ""'"^^ "^Sh- 

produces a pH .pa™,i„, u,e ra„,e Jm THo Tf' 

a^van.::;::::— :r:::v,t " '-^^ - 

functions. For examp" in a mi ed T " 

oxvgen bonds or siZ v bor ' "' - -'-n- 

. ici^ies can exist amongst severa t\T3es of base-; anH th^.^ 
advantage and refinement of these processes." °= '° 

Sjlicon-oxygen Ring Si^e. Bin., T ype and Ca», 

Sizes ^;;;7""^ ""^ ^re no, l,m.,ed ,o ,he fo^ation of specific 

POSS .v^rom, ^ • silicon-oxygen nng size contained within such 

systems does nowever affect the rare ■^, .„u- u •,■ ' 
occur For examnl. • ^''"=°"-°^ysen ring opening can 

occur. For example nngs containing three silicon atoms and three oxye-n atom, • 

:oT^:rr ^^^^^ ^^-^^^ ^ ^''^ a^r an n;^^^^^ 

atoms. The relative rate for the ooenino of Pn<^Q i- "-^ oxygen 

upciung or h-uiib silicon-oxygen nnes anneorc 
n-ember nngs with three silicon atoms> e.ght n-.ember nngs wnh fou si craton^^" 
memoer „„gs with five s.licon atoms> twelve .ember nn,s with six s,lico:a:ms.X:: 
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formation of POSS molecules. '° ^"'""'^'^ 
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specific organic groups (defined as R) r ° '-'^^'"-^ 

svstems ^hev nr ! ° "^^'^ °^ 'he silicon-oxvgen rin-^ 

systems. They are amenable to silsesquioxane feedstocks h^nWn„ - »cn nn, 

arouDs CR - « , . ^ leeasiocks beanng a wide vanet\' of organic 

groups (R - as previously defined) and fiinctionaliti^ CY- • , ' ^^''^^'^ 

co^„:«,o. and process shouM b= uUIi^ed in ,Kc stand Jlr« ^ 

ot^ir^r^^T,'" *° ~ * 

-.=.«....,.„nnence..d::::;;::-^^^^^^^^ 

Proems I: F.rmn,i,„ of PP.. . . .„.„■,...■..■■ 

Tilt cumnt moihods of preparing POSS molecules fern th- i . 

conde.a.on of alM-riClorosllane. ,.SIC„ ,3 ine.eie. In .HaTr.r^r.rrf 

POSS cage species homoleptic fPOSS) UR'^id, -m r • . 

F iruii; UKl>iO!.i)J-^, functionaiized homoiepcic POSS 

[fRSiO,.5)JRJ<SiO,.o)„K heteroieptic POSS [(RSiO- -) fR<?in M c ■ ,■ 

9 ut^i.U;.;j^(K5iOi.5)Jr, functionaiized 
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..e,erolep„c POSS [(RS,0,,UR^SiO,,).k and polymeric ..ses,uioxl,'es (RS,0, ,„ 
some cases .he „ndesired polymeric sUsesquioxanes are produced in as much as 75.. yi Id I, 



' r- iiiuuii a5 /j7'o yield, it 

rve ,0 no, only reduce fte amount of hazardous wasre produced in such reactions bu, will 
also reduce the ptoduction costs for POSS systems. 

37 bases ^=f.ned previously,, m parttcular hydroxide 

(e.g. sodtum hydroxide. potassium hydroxide. lithium hydroxide. 
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1 benzyltrimethylanunonium hydroxide, tetramethyl ammonium hyrdoxide etc) to convert 

2 polvW silsesquioxanes [RSiO.,]. into homoleptic (POSS) [(RSiO,5)Jr.. functionalized 

3 homoleptic POSS [(RSiOi.5).(RXSiO,o)J^. heteroleptic POSS [(RSiOK5UR'SiO,5)J^. 
and functionalized heterolep tic POSS [(RSiOi.5)„(R'XSiOi.o)Jr,. 

In the current process polymeric silsesquioxane [RSiO,,-], is dissolved or suspended 
m a technical grade solvent such as acetone or methylisobutyl ketone, and subsequent 
adduton of an aqueous or alcoholic solution of base .s carried out with stirrine Sufficient 
base should be added to the reaction mixture so as to produce a basic solution (pH 7 I-U) 
The reaction mixture is stirred at room temperature for 3 hours followed bv heatmg to reflux 
for an addtnonal 3-12 hours. During this time the desired POSS cages eeneraliv precipitate 
from the reaction medium due to their insolubility in the reaction medium. This precipitation 
aids m the isolation of the desired products and ensures that the products (such as the 
tuncnonalized POSS species) do not undergo funher reaction. In some cases it is desirable to 
reduce the volume of solvent by distillation or by reduced pressure in order to increase 
product yields or to isolate soluble POSS products. The desired POSS product is collected by 
filtranon or decantation and can be purified through exhaustive washing with water. 

We have found that hydroxide [OH]" bases are highly effective at concentrations of 1- 
10 equivalents (the preferred range is 2-5 equivalents per silicon atom) per mole of silicon for 
the conversion of aliphatic and aromatic polysilsesquioxanes [RSiO,,], into homoleptic 
(POSS) [(RSiOi.5)Ji,. functionalized homoleptic POSS [(RSiOi.5)JRXSiOi.o)Jj:, 
heteroleptic POSS [(RSiO,.5)JRSiO,.5)J^. and functionalized heteroleptic POSS 
[(RSiOi.5)JR.XSiO,.o), Hydroxyl-bases are paniculariy effective for producing 
[{RSiO,.5)JRXSiO,.o)J,, POSS species. We have found that milder bases such as acetate 
24 and carbonate are more effective at convemng [RSiO, systems beanne vinvl or allvl 
2. groups. It is also recognized chat the use of other co-reagents may be used to promote the 
-G toimation of POSS species from this process. 
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Figure2. Illustration of Process I where r.nivn,-„-, i 

PoJs' fa^T&^iSST' 

ei.h=r POSst™', *' i^.^. resin i. convened i„,o 

=.*=r POSS fragn,«« or .unos™ POSS cage ^ecies depending o„ ,h= type of Z 

^ co„d„ion. «„p,„yed. The convenion of polysUsesquio.xanes [RSiO, .,, ,o POSS-species 
(homolepnc [(RS,0, A]^. ftmaionalized homolepUc KRSiO,.5).(RXSiO,.„).t. heteroleptic 
t(RS,0„).(RSiO„)J,, and fiincdonaUzed heteroleptic ((RSiO ) (RXSiO 11 ■ , 

process .a^a...d.c..da.„ve.T.ep.oce.. can. conduced .-.apo^C: 
resm which mav contain oniv nni» fv«« «r d 

. niain only one type of R group to produce homoieDtic [(RSiO ) i. 

products. Alternatively the process can be r.,r^.w ' 

— . .an one jof . z :ziz 71::^:=: :z 

e™ins different R .«™„p. „ ,„„„,^„^ !<RS.O, ,.(.S,0„,.,. p.oduc,3. For 
*= above .aeon scnen,e in wWch ™i«.=. of ho.olep,. POSS cages ,..e. R of one POSS 
pl'I-ss e;l;!:,r°"' '"'"'"^^ '^^ Poly.,ses,.oxane resin ,he 

.s..i:o7«e:rR ■ r:™! — 

hon,o or heterolep-ic nanos^cTr d pOssLc '"""^ 

18 crvs>allijn,i„„ „ ' =°=='="" ^^P^^B"! from one another throueh 

9 7: """'"^ ''ff"™- -'"^««y *= reaction 

19 PrtKiumandthestaningsilsesquioitane. " reacnon 

™! "'""^^ '° silicon-oxygen bonds in the ■ 

^,ng s,.ses,u,„xa„e and thereby aUow for, as well as a,d in the earrangetTer 
o.™a,,on of the various POSS fragments. hon,„,ep,ic and he,e,..cp„c spec.es. Ts'n^ 
of the base and the base-so,ve„.-si,ses,uio,ane tnteraction are critica, fLtors, wh ht 
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eonirol over the type <,f p„„„,^ f 

b«.c„y of *c „,«,ium affords .he producion oZss T" 

coupled with exclusion of wa,er dLo,. ! T " ' "^'^ 

"~epH„._™o:io;:::r:;:x^^^^^ " 



an 



Process II: Renrfmoe between Pn«c c . 

tunctionalized PO<;<; n,. ' ^ " n-agments and 

lonauzea fU5)S nanosiructures [(RSiOi <WRY^;o m • 
pn„ Ut^^»Ul..UR.XSiO,.o)J^ .nto alternate tunctionalized 

..e . ~;rrrr:r * "^^^^^ ^ - 

milder to d,ose used in P^ceTs 1 " "^"^ 



X 

x' 



Fragments 




POSS Fragments 



POSS Fragments 
Figure 3. 



Si—O-S. 

oi dl 



1 

Si-X 

ol X 



POSS Cages and Functionalized POSS 



-o— 

01 



,J4-o.!.l;;^ 



Sr-X 
R-'-Si— 0-1-3 
R R 



POSS Cages and Functionalized POSS 



/R 

dl ol 

R J 3i-oJ.SL ^ 
R 



Sf-X 
Sr-rO— 



r-J.s,-o.|-Sl 
Sr-0-s( 



O R 



pncc c ^^^^ ^^Ses and Functionalized POSS 
POSS Fragments converted into POSS cages. 
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fra-menK into PO« „ ^ *= ^^^^^ly of POSS 

««sio,.„,.x.o,.„,r' " """" 

-he POsT'Z'"";?°'' """^^^ — nv into 

POSS frngmcns. I„ caMs *= su,i«ical degree of .ubsnmtion be^veen these ™ it 

e.g. vmyl and ethyl). Isomorphic governance is often observed for closely related B „ ' 
e.. ally, and propyl etc., however. On occasion the trend is „o, follow 1 J 1' 
such as rate of reaction, reagent addition, or solubility benveen the various POSs t 

CisX) "rr" " ' — ' - Hth;,:rn:rs 

V,nylS,(OMe), w.th 7 equtvalents of MeSi(OMe,, results in a molecule of fomiula 2 of the 
composition [(ViSiO„),(MeSiO,.sW., or ((Emylu„deco„oa,eSiO,,,,(MeSiO„,,]. despite 
■he topological dissimilarity between the R groups. i ^^'Jl. despite 

In many cases the desired homo or heteroleptic nanostnictured POSS species can be 
se «a,ed fom one another via crystallizadon. extraction or by utilizin- diffe e es iTl 
solubilities of the ptoducts and the staning POSS fragments 

An extension of this process is the action of base on funcionalized POSS 
nanonostnictures (i.e. ((RSiO,,5).(R.XSiO,,„,J,,. „ should be noted that these svst-ms ar- 
c emically similar to a POSS fragments in lenns of their chemical composition. ' Thev 

oroof .J'Tk ''""""^ *' ~"<""°- ''"-bed in Process 11 as 

roof Ulat the bases and conditions described in Process „ are efftcve for ih= convel" : 

fUnc.ionali.ed POSS cages li.e. [(RSiO,,UR;<s,0,,,J,, desired POSS structures. ,t 
Should also be noted tha, in most cases these process results in an increase in ihe number of 
unctiona ties ,X) on a POSS nanostnicture while at the san-.e time maintamin/d 
n mbe 0 silicon atoms contained within the starting nanostmcura. framework." This c^ b 
desirable for a vanety of subsequent synthetic product manipulaiions and denvations 

Figure 4 Illustrates acnial reactions that use the condilions descnbed in Process II as 
Ptoof that the bases and conditions described in Pn^cess I, are effective for the convel! ^f 
functionalized POSS cages (i.e. [(RSiO„UR.XSiO, „,J,, desired POSS stnucmres It 
Should also be noted that in most cases these process results in an increase in the number of 
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1 f"n"i°nal«ies (X) on a POSS nanosinicture while at the same tim. ■ ■ u 

2 n..he. ofsilicon atoms contained within the starting na^orctu" r"""? t 

3 ------^yorsuhse.uents.ntheticp.Jt.::^^^^ 
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15 



* R 
«RSiO,.jUR(X)SIO,.o),)j 

X-OH 



Si-X 

o! ,^ 

,J sUo-l-SL 



Functionaiized POSS 



S.--0— & 



A y ^ 



&— o-s. 



((RSiO,.5),(RXSiO,.o)4t. 
X-OH 

Alternate Functionaiized 
POSS Nanostructures 



R 



[(RSiO,.j)4(RXSiO,.o)2]ai 

Funaionalized POSS 



X 

[{RSiO,.5)2(RXSiO,.o)4] 

POSS Fragment 



Figure 4. POSS CagK being imeitonvencd. 

The firs, example in Figure 4 illus,ra,es ,he selectivity for the cleav.== ofS membered 
,con oxygen nngs in the presence of S mentbered silicon-oxygen ring! by the base, to 
aftord the tnr.„ct,onal,«d POSS species. This reaction is driven by the release of ..ate- 
r.g stra,„ energy fron, the cleavage of the 6 mentbered silicon-oxygen ring vs. cleavi.e of 
■he 8 ^etnbered s.hco.-oxyger. dng and is thetmodynamically favorable. In the se'cond 
exatnple the energy of the twisted co„fotn,ation is relieved upon cleavage to form a more 
open structure. 

.A final alte.T,a.e of process II and one that is of great utility is that it can also allo>v for 
.ne .ncon,ora„ot, of POSS ftagntents ,nto extsting POSS and POSS sil.cate nanostt^ctures 

f both POSS and POSS s.licate cage spec.es. Th.s ,s analogous to a carbon^arbont 
.o^,n processes .n org»,c systems. Hence this process can be ut.lized to prepare larger 
POSS nanostmcmres as well as POSS nanostructures hav.ng previously inaccessible sizes 
Of pantcular importance is the use of this process to prepare nanostructures having odd as 
well as even numbers of silicon atoms. 
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Fragm( 
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f(RSiO,.,),(RXSiO,.o),;., 

Expanded POSS Nanostrucmres 
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ffXSiO,.,VRXSiO,^,]3 

Expanded POSS-Siiicate Nanostnictures 



POSS Nanostmctures Fngmenu 
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POSS Nanosmicnires 
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5S 



Fragments 



POSS Nanoscnjciurcs Fraemenij 

.V 



R-SC, 



Silicate Nanosrniciures Fragments 



Expanded POSS Nanostniciures 

V- 

Expanded POSS-SIIicone Nanostnictures 

uJ 



:(RSO. .,.*RXSiO,w,e» 
Expanded POSS Nanostructurcs 

Expanded POSS-Silicate Nanosiructures 
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POSS Nanostrucrures 
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10 
II 

i: 

!3 
14 
!5 
16 
17 
IS 
19 

20 

21 

22 

23 



X 



1 

orv. 



POSS Nanosrruciures Fragments 



(iRSiO, OJRXSiO.J.fc, 

^^"g'"^"^^ Expanded PQSS,Nanostrucrurcs- 

Y o 

S^O-S^v 

l(xs.o, ,viR:<Sio, 
Expanded POSS Nanostruciures 



X 



Figure 5. Sitequioxane/siloxanc fragments being insened into POSS Cages 

POSS or POSS s,l,ca.e nanosmcmre and insenion of the POSS fragment This reaction 
3U s ,n the expansion of the s.Ucon-oxygen ring in .Ke POSS nanostn-Lred 1^ 

*ro.|h .Itefof n„g str.„ ,„ the silsesquioxane starting materia,. For example, thereaction 
of . equtvalem of Vi„y,(OMe,, with (((.-e^„)SiO„,J^ results in POSS molecule havin. 
the composition [((c-QH, ,)SiO, J.(c-C^, ,)(H0)SiO, oWViSiO, o),J 

Mixtures of bases may also be utilized to catryout d,e process. One advantage of such 
- approach ,s that the use of different types of base in combination could serve d ffe en 
funcons. For example one base may be panicuiarly use&l for the cleavaee of S X 
vh„e the second base may mnction in ,h. assembly of POSS fra^ents into ^OSS 
nanos^cures^ Synergisttc effects between di.^erent tvces of base can also be exoected 

Pantcularly .mportan, is the use of mixtures of POSS fragments (i.e. where R of on- 
fragment = R of the other fragment) or POSS fragments having more than one tvoe of R 
jroup. L.se of mixed fragments or fragments hav.ng m.xed R groups afibrds hetero.eot.c 
POSS species t(RSiO,.,).(RSiO,,,.]s. which contain more than one tvpe of R .roup ' ,n 
general the POSS nanostntcmred products fom,ed contatn a statistical mixmre of R which is 
de^rmtned by the stoich.ome,^ of the stanmg fragments. ,.s a result, numerous tsomerl Je 

This processes utilizes bases (as defined previously) and POSS nanostructures having 
Komoleptic [(RSiO,.,)„l, and hetet^leptic ((RSiO,.,,,(RSiO,.,).]s. compositions. The 
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process allows for U,e conversion of low cos. and c:.ily p^duced unfuncionalizcd POSS 
nanos„ i„o ™ore destable f„„c,lo„,ized POSS sys,STt Zl 
KRS.0,,).(RXS,O,.„).l.. POSS n.„os,uc<ur=s of ,h= type ((RS,0,,,.(RXSiO, o)K can 

other POSS nonosmicmres. This proces. provides an emircl v nevv synthetic mutejor the 
p™ of ve^ i.po„^, ^^^^-^ 

[(RSiOi.5)/RXSiOi.o) J., in panicular where X = OH. 

Homoleptic POSS nanostmctures [(RSiO,.5)„I^ are readily converted into POSS 
nanoscractures having the formula [CRSiO,,URXSiO,,)J.. as well as POSS fragments 
hav,ng the fonnula RSiX, [(RXSiO.,J. [(R-XS.O.)J, or [(RStO, ,„(RXSiO,,J through 
he use of bases as shown .n Figure 6. Note that all possible geometric and stereochemic^al 
isomers for each product are not shown. cnemicai 



a — o— Si 
o'l o'l 

R— |-Si~0-|-Si 
S. O—Si 



Homoleptic POSS systems [{RSiO t s)iy 



T 



R 



\Jk i/ir< 



X 



K R /f '^/^ •'° . 



X 



^ POSS rragmerts ffRXSiG, ,),|. ((RXSiC, ((RSiO, 5):,RX*SiO, o).| 
s, , \ ,"1 B R R 



1/ I/' 



/ - -\ ^Si. J,' 1/ 1/ 
R ^R ^ « R"^ a-'^-x x^^^;, / o— 

((«SiO.,MRxs;o.ohi,, f,RSiO.,w«XSiO„W:, !(RSiO.„.(RXSiO.,i^, KRS.O..,.,Rxs;o,o),, 
Func:.o„„.«one.e«.ec«cPOSSsys..m„RSiO , sMRXSiO, oW:, 

Figure 6. Illustration of Process III 

Funhermore as a variation of this process it is possible to interconvert various sizes of 
POSS nanostmctures. For example, with the proper addition of base [(RSiO ) J. can be 

UKi.u,,)JRXSiO,o)J) or funciionalized into heteroleptic POSS nanostmctures of the same 
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Homoieotic ?OSS systems ((RSiO , 



XX \ 
POSS Fragments ((WCSiO, ,),). ((RXSiQ.oUI. l(RSiO.,5terRXSiO, „W 



\ . / S.— X \ n—c.-^ \ \ ^ 



l(RSiO,.s),(RXSiO,.ofels, KRSiO,5).b 
Funcuonalizea netereiectic and nomoieonc POSS systems 

Figure 7. Illustration of Process III 



a variation of the above i, is ^=cog.i^ed tha, ,h,s process can ut.ii.e mixtures and 
a,stno„,.o„s of POSS cages as wel, as poKhedra: o.,|o,ne..c sHica.e sp"" ,. T 

(((CH,),sio,sio,,-,j,. ,((CH,,N.o,s,o,,)j, r((CHj.sio«o, 

(«CH,,.N0)SiO,5),]s,. In such coses the base etTectively convens cages of several sizes into 
mncuonahzed and nonfttnctionaiized hetcroieptic POSS nanostrucrures as shown in Figure 7 
Thts represents an ent.rel, new synthetic ..ute for th. preparation of the ve,^ Csl. 
.ncotnpietely condensed trisilanol reagents ((RSiO,,,.(RXSiO,„,,J. in panicular where X = 
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Minira arHamoicimc 
KRSiO, 




\ / 

MiitufB of Homolewie Silteaia 
I(XSiO,.,XJaj 



1/ I/' " 

Hetaoieotic FunciHiiMlizeii POSS 



Hcf erotrcNic Funciian«iitcd Silicate 

KXSiO, tMX:S.O,.„)tJ- 



Figure ». niu.,™io„ ofme conversion of POSS and Silicas Nanos,r„ca,rcs - Process III 

^ POSS nanos,n.c«res bearing more ,han one ,ype of R group per cage 

^ HRS.Ou).(RSiOu).k. are readily converted through .he use of base into fUnctionalized 

4 POSS nanosttuctures [(RSiO,,URXSiO,.„,J,. Note mat a„ possible geometric and 

^ Stereochemical isomers are not shown. 
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Figure 9. Iliustration of the conversion of POSS Nanostrucmres - Process IH 
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Of a polyhednj ohgomenc s.ls«,u,o.xane. This „pre«„,s an .mirdy „ew synthetic route for 
P«pamt,o„ Of u,e ve.. .e«., incompletely condensed tr,s„.o, rl^e.: 3 t 
[(RS,0,.).( RXSiO,o)J,. wKere X - 0^ in p^tcu... Note that not .11 stereochennca. nnd 
geom-etncal isomers have been shown. 



ADDITIONAL MATFPI U SECTION B= ISOMERS OF POSS SYSTEMS 
METHODS FOR rONrnn, . .^ v; STERE orHirM,.T„v 

Given the three dimensional, nanoscopic nature of POSS systems it is important to 
reahze that a number of isomeric fonns for any given formula may be produced 17 
tluT ""^ ^ "-ochemistty of these isomers can be controlled bv the 

*^ugh methods taught in this patent however, in some cases geometrical Vomers wi„ s'til 
extst. A number of examples are provided to convey our acknowWgemem of the presence 

. :eo:r:rm:"""='""°-^""^'-"'^-"-----"-^^^^^^^^ 

Six isomers are possible for difunctional, incompletely condensed POSS. 
nanostrucmres [(RSiOi.5)4(RXSiOi.o)2].. as shovvn in Figure 10. 



Si O— Si ci-c-qi '/ \' 



R 



endo-cndo isomer .ndo-exo ison^.er 



R R 



R 

\ 



0 0 n n 



"S 



Figure 10. Is?me"s°l^Tsf.ncnonalt^^^^^^^^^ 

[(RSiOi.5)4(RXSiOi.o)2k 
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> EXAMPLES 

NMR spectra were recorded on Omega-500 ('H, 500 MHz; P5 MHr "Si 99 
MHz), tetrahydroft^r^, methylisobuty. ketone were distilled prior t usi . , J 
were used as purchased without purifi.nH.n ^ ' 
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7 and nanostructurf.. ^ ' ^esqu'oxanes into PQSS fragment. 

' Sy.,bes« Of „(QH5)S,0,s).l. f„„ ((QHrfSiO,,,. 

a,=d ,0 80 C for .2 hours, fton cooW „ room ,empe,a™„. acidified with IN HC, and 
1° f T - = "^"e solid. P.duc. vertfied bv 

^r:f: :':r:d^r;;:^^^^^^^ 

abov= r • "^"'""'y. 954.7, 877.4, and 800.6 amu The 

^ve procedure can be n,odified for fte cominuous and batch production a72.^' 

? or toluene and KOH can be used tnstead of .ett^kylanunonium bases. In addition 
pheny„r,„ethoxysilanecan be used in p.ace ofpheny, resin to prepare (((QH„SiO, ,).,, ' 
Synrhesis o, l((QH,)SiO,..)„|,. f„„ ,(C.H.)SiO,.,l. res.n. Potassiunt hvd^xide 
(46.. g, 829 mmol, was added to [(QH,,SiO,,J.res,„ (1000 g, 7740 ntntol, in THF (7 8L, 
a. roo^tentperature. The reaction mixture was heated to reflux for 2 davs then cooled ,o 
toon, temperature and fiitered to give 443 g of («Q,H,SiO,„,,,„ as a micr„crvsta,l,„e 

TT <° — on 

flUratton to g.ve 8., g of («c„H,S,0,..,,J„^ as a microcrystailine whtte 
soiia. Lharactenzation was accomDlished bv PiAfc u- • • 

amu. The above procedure can m d e T " " '"^'^ 

A..=mate,y,methy,e„echlondecan ,sr ledl "TT 

anH , ^^"^^^^^ solvent for this reaction in place Of THF 

tetraaikylammontum bases can be used instead of KOH. .„ addiZ 

Phenyltnmethoxysiiane can be used in place of t(C*,SiO,..,. resin ,o ptepate 
l((QHi)SiO,.5),Jj„. 

Sy-hesis of ((c.C,H,)SiO,s|.. from l(c-C,H„SiO,,|. resin. A 1.80 gr», sample 
orresm was dissolved into 90 ml of acetone and 90 mg of NaOH was added to the reactton 
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1 mixture. The mkture was allowed to «ir fx. - ^ 

2 heated to reflux overnight Thrr. ' temperature and then was 

3 yield) of pure produf ^ wt^" 7 ^"'^ '''''' ^"^^ ^ (^^'"^ 
^ --t.onandh;HPLCrei:;rj~^ ^^"^^ ^^^^ 
I - K (CH.CH)S,0..,3,. l(CH..CH ^,^_.e3._3„._ 

6 (S.,0,,l(NMeJ,,. A 0.63 g sample of resin and 222a of tetramethvlamn^o " t 

7 were dissolved mto 20 mi of eth:.ol and NMe OH w^ ad edZ " 
I -^e high, .asic The m..;et:r ^^^^ 

~ - - - Altered to ohtain 1. , of «(CH.-CH)S,0...3]. Alternate^ 

lu fl'smbution of caees of rf('CH-.=rH^<!;n \i 

- ^^^^"2 CH)SiO,.5)„]r., where n = 8 10 P U r.n 

'1 similar manner from the reaction of CH -CHSYorw . ' ' " ''^ P^^^P^^d ,n a 

(cycloto 3 enyl)mchloros.lan= and cycloh«yltrichlorosilaie were added wi,s ■ 
1 7 »m„g ,0 a solution of methanol (200 mL) and water (i mLl 
15 for 2 davs. Upon coolin- v„l„n 

.5 cycloheiyl-sTrcv o ,™ 7" """" " ^""^ ^ '^^ 

:o .compuL .y .;::rr:^;T:e :::i:r:r:^^^^^^^^^ 

^ ^^U,.. .0 ,.d.e a .o„,y ... ...on .alTJ^ of^rlrt 

~ M^h,. Evapora„o„ of the solvent P5-C. 0 01 Torr) gave a white restnous solid, which was 
- s„.=d w,,h acetone (,5 ™L, and filtered to afford a fixture [((R,SiO, ., ,(R-,SiO , , 
trnnte-vorks possessing both cydohexyl and cyCohexO-envl ^„ps Iso'la H 

typically 70-80%. - groups. Isolated yields are 

Note: Excluding enantionters. there are 22 WR.SiO, ,,((R.,SiO, fra„,ew„r.s 
plrZ"" f °^-^'«^-'°'-^-:").-.Si,0. ,0 . „ . 3). All are presumed to be 

:0 used in the realiriT , "•7'°'';''-^-y'W-'°™-l-e and cydohexyltrichlo.silane 

32 ZTJsZl ' ™ '"""^■^ ' ~« for 

33 thT '^"''''""^ ^y'loh^^yl Sroups. The chem.cal shifts of 
these tesonances are constant, but the relative intensities of the resonances d^e d '! th 

j4 amount of fcvclohev ^ f^r,xA\<zin\ a , , ^<^^^^^ aepend on the 

^ _ (cy^lohex-3.e„yl)S,Cl, and cyciohexylSiCl, used in the reacuon. The product is 

- =l-ly a tnixture of tfe-C.H„,SiO„,.,(c.C.H,,SiO„,J^ frameworlcs. The following 
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. ch«,ic., Shift c^., ... ,^ 

■> C,H,)SiO,.j)Jr,: 



4 

S- 



6 
7 
8 



Si^cycioh-exenyl groups wuh three Si-cyc!ohexyl nearest neighbors: 5 -67.40 
Si-cyclohexenyl groups with avo Si-cyclohe.xyl nearest neighbors: 5 -67.46 
Si-cyciohexenyi groups with one Si-cyciohexyl nearest neighbors: 5 -67.51 
Si-cyclohexenyl groups with zero Si-cyclohexyl nearest neighbors: 5 -67.57 
Si-cyclohexyl with three Si- cyclohexenyl groups: 5 -67.91 
Si-cyclohexyl with two Si- cyclohexenyl groups: 5 -67.97 
Si-cyciohexyl with one Si- cyclohexenyl groups: 5 -68.02 
Si-cyclohexyl with zero Si- cyclohexenyl groups: 5 -68.08 

A sample prepared by reacting equimolar amounts (0.0125 mol) of (cyclohex 3 
enyl)tnchloros.lane and cyclohexyltrichlorosUone as described above exhi e a^^^^^^^^ 
~es wuh relative integrated intensutes of approximately 4:I7:I7:5:4-2IO.-10 A "C 
NMR spect^m of the same sample (m CDC,^) resembles a superposition of speTtra for pure 
[((c-QH.,)S,0,,)3j,, and [((c.QH,)SiO,,),J,,. except that resonances for "C nuclei close to 
the S,0„ framework are much broader due to the overlap of many resonances with slightly 
d.fferent chemical shifts: o 127.45 (br m). 127.07. 27.47, 26.35. 26.63. 25.51, 25.08 ^3 i. 
22.64. 18.68. .^aiogous results were obse..ed when [((c-C,H„)SiO,,),Yc.C.H,)Sio",)"C 

^-'^ ^"--^ of ..lohex-3„oros.lan;t; 
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4 vacuo to afford l((c-C H ^SfO M • • • icmovea in 

LUC c.rt,;biO,.5)J, resm in quantuai ve yield. The ^'Sif'Hi hJVfo 

6 sh.^ resonances a,^bu,aWe ,o d,scre,e po.vhedra. sHses^uiox.. ,e ,., («R,siO, , J, 

' -h n - 6, S. ,0. U. ,4). Base caalyzed .dis,ribu,ion of (((cC H ,SiO , , „s- " 
accomplished bv refluxino for h . , ■ '-."'»'Oi.j).J. resm was 

CoH,CH,N(CHioHr / •' ™') -i* enough 

VeOH^T ^ ' °f -'"'-in 

MeOH). Evaporanon of *= so,v.„. (^.-C, 0.0, Torr), save a wKi,. resinous solid which 

was s„.., 3ce„„. (,5 n,L) a„d f,..e,ed ,o afford t((c^^,SiO,..,,, i„ ao% yieid 

DO 3^ ;7'r: »«^- <^»'*-«0'- 'H (500.3 MH. 

CDC,.,300K 5..75(hrs,2„,2.0,„r„.4H,, >.9: ,br 4 „), ,.52 (br.. , H), ,.0S 
r n,. , H). C KMR <,25., MH.. CDC. 300 K, a ,37.33, ,37.03. 35.4a. 35.03. 33..0 
3.60. - Si NMR <99.4 MHz. QD. 300 K) 5 ^7.4. T*e product was a,so characerized by a 
smglecrysta. X-ray diffraction smdy.J a^cienzedbya 

Syuthesis of l(((CHJ.CH,SiO„,.,^.. Waier (I nU.) was added carem„v w„h 
.Sorous s„.,ns ,„ a so,u.ion of (CH,).CHSiC,. ,5.,5 g. 34.3 ™,oO i„ „e.hano, (,00 J.^ 
i he solution was then refluxeH fnriAu t , • u mi.;. 

refluxed for 24 h. Upon cooling, the solvent was evanorated to afford 
a quantitative yield of ri-Pr«;in i . " 

y .a 01 limi03/2]„ resm as a paie yellow liquid The '^ITR. vrAfo 

.he (((CH ) CH)S iO L ""'''"^ redismbudon of 

m>-n,),(.M)5>iO|.s). resm was accomolished bv r-lu\in» fnr s i, ,. , 

ketone (35 m.) „„h water (,.4 mL, and enough CH.C^' cH OH o 7 
bas,c so,.t,o„ (ca. , mL of 40% solution in MeOH, r,". " ' " ' 

diluted with Pt,0 POn ^1 t ■ . equtUbtation mi.xture was 

Et.O (.00 mL,, wasned several times with water, dned over anhydrous MeSO. 
and concentrated to afford H((CH ) rm^;n m . • " ' 

lUl^nj,LH)S.O! shh, as a white microcrystalline powder. The 

yield after one equilibration is t\'T5icallv m ^no/ u 

n-pically l.-.o.o. but additional [(((CH,),CH)SiO, j).]., can 

be Obtained by base-catalyzed redistnbution of r((CH,.CH)SiO..]» resin present in the 
mother hquors. The compound prepared in this fashion is identical to [(((CH,),CH)SiO ) , 
prepared via the method described bv Unno (Ch. . ^^-'^"^^'0..5),]r, 

"•'"^ """^ (Chemistry Letters 1990. 4S9) Characterization 
data: H NMR (500.2 .MHz CDC! inn if ^ « i n-.: , 

MHZ. CDCI3, ^00 K) 0 1 .0.6 Cd, J = 6.9 Hz, 48 H, CH3); 0.909 (sept. J 
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' ™ 1«" "fluxed overnight. Upon coolina ih= TH n , -iK«^)-Jli<wnec«re- 

"""""""S-'k^CH:":!. layer was decanttd. dried over CaCI, 
6 g) and evaporared ,o afford (((CH,,,CHCR,SiO,,,. resin i„ ,uan,i.a,ive vield The' 

resms and no sha^, resonances a,mbu,able .o discrete polyhedral 
s. «,u ,e..., «CHCH0SiO.U. with n - 3, ,0. u, Base caLy. 

redtstt^button of (((CH.).CHCH,SiO,,,. res.n was accotnphshed by refl.,ing for 4S h in 
1 1 methyl tsobulyl ketone (25 ml) wid, enough C H CH l-.vrH > n„ ""mg lor 48 h m 

: --"<^--of40..|„,o„i„Me;;i™™ 

U (((C„.,X„CH..,S.O„,s,, in 30.. yield (1.4 g) as a white, .icroctystalline solid 
Evaporation of the acetone solution gives .ore ti-BuSi03/2,. resin. which undergoes fi«her 
base catalysed tedistribution to produce .ore ((((CH.,CHCH,SiO..,,,. The combined 
..M Of «(,CH,,CHCH,SiO,.,.J, after three resin redistribution reactions .s typical. 

20 C.D.. 300 K) 5 25.6 (s. CH,)- H | u CHv 7 , , 

.^^^ ''•-'"^•<^«'•-'<^■<:H:).■'S,NMR(99.4^rH^.C.D.,300K) 

-2 Preparation of l((c-C.H„,SiO„U,..C.H„,(OH)SiO,.,,,, fro. |,,.c.h, ,SiO I 

- ««in: (,c.C,H„,SiO,,. restn .as prepare. ,„ ..ps .otn C,H,Sia... ,„ the flrs, 

- '™"-3"'i<iedtoa,olae„esolut,o„ofphe.ny„nchlorosilane,oproduceCCHSiO 1 resin 
.cord,. 3_ ^^^^ .^S.O,.. r«,„ 

(C.H,S,0„1, restn (I.O g, was then dissolved in cyCohexane (50 n,L, and hydt^genated to 

- f(,-C.H„)S,0, J, restn in a Parr minireactor ( 1 50 X, 220 psi. 48 h, ustng 10% Pd/C (1 3 

- as h cat^yst. Piltraddn ,o remove the catalyst and evaporanon of ,h: solvent - "a;;' 
-9 affo^ied he ((c.C.H,.,SiO,J. tesin as a wh„e solid. The 'H NMR spectrin, of this resin 

3 rci^:::^tiror r= — -^^-^ ^ — ^ 

nnc. charoctertsfc of cyclonexyl stlsesquioxane restns and no sharp resonances 
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attributable to discrete polyhedral silsesquioxones (e.a [((c-C H )<iin M • u 
12, 14). '-•"••JSiO. j)]::, with n = 6, S, 10. 

Base catalyzed redistribution of rrc-CH )SiO 1 /n - 

6 >acuo .0 aftord a brownish solid. .Analysis of ftis solid bv ='sif M^^, . 

7 HPrr ■ ^- ^ . "f NMR spectroscopy and 
' HPLC indicated the formation of U(c-C H Kin ^ // t. 

S yield. °' ^'«")S.O,,),((c.C,H.,)(OH)SiO,„),],, in lO-lS?. 

9 

'° g^'^"'P'^^ fo*- Process 11: R.nrrionc k, , p^.. g 

11 Fragments. ^ i :ua:> Systems and Silsesq ...nv.„./c:.„.,^„, 

12 Preparation of (((CH,)SiO,^WCH3CH,OOC(CHJ )SiO n o 

were added dropw.se to a reHuxing solution of acetone (40mn and I mi 
0.15 equivalents "'15 m»^ «f • °^ ^^^^^'^ containing 

lo remove resin. The product was characterized bv MS and Y wvfi. • 
s.m„arprocedu. was followed for each of ,he following co^poTn^ ' ^ 
(((CHJSiO, J.(CH,(CHJ,)SiO„W^ l«CH,)SiO„),{CH.=CH)SiO, J, 
l((CH.,SiO„,,(CH,=CH)SiO„,,|^ l((CH,,SiO„,.(CH.=CH)SiO, 

l«CH.)SiO,,WH,N(CHJ,,SiO,,,.,^|«C.H,)SiO„,,(,CH.=CH)SiO„),I-. 
l((CH,)SiO„MH,.N(C„J.,SiO,,,,|,,,((c.C,H.,SiO,.,,,((CH.CH.OOC,CH, ,SiO , , 

Preparation „f [((c.C.H„)SiO, a 123- char» „f ra 

C,H„XOH,.S,OSirOH«c.C,H„,i was added ,o e.h.o, ,50n,„ fonowltrthe ad V " 
3tneaofKHCO Th^ rf^-^^u^r. '^'"owea oy the addition or 

and dried. Yield of product nv . =^'="1!' 

product 93 The product was charactenzed by MS and X-ray diffraction 

Preparation of (((cC.HJSiO.J.,,, .vfi.x,ur=s of t,(c.C.H„,SiO U^la. 
^.solved ,„ ntethylisobutylketone and reacted with 20% a,. Et.NOH under reflux for itys 
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. prod„c= „e.„ [((c.C.H„)SiO,,«,. ,f „^ ^^^^^ 

^ authentic sample. 

3 Preparation of I((CH3)SiO,,)b: A l.22kg (7.5 mole) choree of (CH Si(OCH ) was 

^ water. Tlie-reactronnrnxtufewoT^^ to react durin^ reflux fo - ' ^1. \ u 

g ot proauct 93/.. The product wm characKrizcd bv MS and X-ray 
d.ffa=.,o„. A similar p^cedure ca„ be used ,0 prepare t(CH,=CH,SiO„,.J.. ((J. 

C.H„)S,0,,).J^ Modification of this procedure will atfo,^ continuous and batch-scale 
10 production. 
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Preparation „, |(CH.CHJSiO,^.U, A similar pncedut, ,0 that above for 
(((CH,)SiO,,).k. was followed in acetone to produce a ((CH.CH,)SiO„)l. restn which is 
to taken up in THF using KOH to produce ((CH.CH,)SiO„)J^: 'H NMR (500 MHz 
CDCl,): 5(ppm, 0.602 (,. , = 7.9 Hz. 16 H), 0.990 (t. J = 7.9 Hz. 24 H); "C NMR (125 MHz 
CDCl.,: 6(ppm, 4.06. 6.50; ='Si NMR (99.4 MHz. CDCl.): 5(ppn,) -65.42. Modification of 
this procedure will afford continuous and batch-scale production. 

Preparation of (((CHJ.CHXHCH.CH0SiO„).b„ . , ,„ a similar ptBcedure 
u> that above for (((CH,)SiO,Ah was followed usmg KOH to produce 
[((CHJ,CH,CHCH,CHJSiO,5).Ji. „ = 8. 10 in quantitative yield. 'H NMR (500 MHz 
CDCl 5(ppm, 0.563 (dd, ; . 8.2, 15.1 Hz. 1 H). 0.750 (dd. ; . 5.6, 15.> Hz. 1 H). 0.90. L 
9 H,. 1.003 (d. ; = 6.6 Hz. 3 H). 1.125 (dd, , . 6.4. ,3.9 Hz. , H), ..325 (br d. ; = ,3 9 Hz l' 
H). 1.326 (ra. 1 H); "C NMR (125 MHz. CDCl,,: o(pp.T., 33.72. 24.57. 25 06 ^5 31 .5 71 
25.75, 2S.7S. 26.98. 29.52. 30.22. 30.23, 31.22, 53.99. 54.02. 54.33; "Si N^IR ,99 4 MHz' 
24 CDCl,,: o(ppm, -69.93. -67.75- (((CH,,XH,CHCH,CH.,SiO. <,„].,„ -67 95 
2= [((CH,,,CHrHCH,CH,,SiO.,)„],.. -66.95 («CH,,,CHXHCH,CH0SiO,,,.J^. EIMS: ,r.e 

26 1039 (17%. M- K(CH,).CHXHCH,CH,)S,0,,,,.k,.). ,207 (100-/. M" 

27 (((CH.),CH.CHCH,CHJSiO,,,.t. Modification of this procedure will afford continuous 
-io and batch-scale production. 

Preparation of [(CF^CHXH.SiO,,),,^. a similar procedure to chat above for 
[((CH.)SiO,,).],, was followed usmg KOH and methanol as a solvent to produce the ' 
followmg mixture of products [(CF.CH.CH.SiO.,),],., 97.50/0. [(CF^CH.CH^SiO,,),].,^ 
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. NMK ,300 MH. TH..,: .pp.. 0.. CH.. CP.CH,,; -C NMR 

- (..o MHz. THF.d,): 5,pp„) 4.99 (s. CHJ. 5.42 (s. CH.). 23.14 (, J - ,0 5 H. rp ru . 

^ MH. .pp., .3.3S <T.. .5.34 a.. .5.59 <X,, . ;.„:t: 

-^-e.76:.-^zrTHF:a ^ppn,) .yl.b?. -71.66. ElMS: nv. 1715 (100%. N,- ■ H.CF.). 
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— . — . , v,.vyu/o, ivi - n^t^rj;. 
Preparation of l(CH.(CHJ,.CH.S.O„).,,, „ , ^ ^^^^^ 

.0 .ha, above for (,(CH.)SiO..=,.J, f.,l„„e, „ p„,„„ ,,h, fo„„„i„, „^ 
producs 'H NMR (500 MH. CDCl.,: 6(pp., 0.604 2 H), 0.90, (t, J - 7 0 Hz 3 H) 
' 280 - ,.405 ^^ 32 H); "C NMR (,25 MHz. CDC,,): 5(pp™, ,2.02. ,4.,5. V 79 " 8," 
.0 29.49. 29.75. 29.79. 29.35. 29.90. 32.05. 32.76; "Si NMR (99.4 MHz. CDC,,,: aip'p"., .' 
n m43. .63.04 ((C„,,CHJ,.CH=SiO,.,,,J.„ .63.22 [(CH,CHJ,.CH.SiO, .663, 
12 ((CH,(CH,,„CaSiO,.5j,]i,. 

4 CHJTOSXOCHJ,: Isobu,y„rim«ho..ysila„= (93.3 3, 523.3 m„,o„ was added 
dropwse ,0 U0H.H.0 (,0.0 g. 233.3 and wa,er (3.0 .L. 444 J,o„ ,„ 

[((CH.,.CHCHJSiO J,,CH.,,C„CH,(OH,SiO,.,,,,. .aa isolated i„ 94% vield a . 93 3% 
-J punty. Note that the above orocdur- can , a 

21 production methods. '° 

22 Preparation of l(CH,,CH,,SiO,.,),,CH,CH,,(OH,SiO,.,,|,: A simiiar o^cedure .0 
.hat ahove for (((CH,,,CHCHJSiO,..,,(CH,,XHCH.,XOH,S,0,„,,,, was fCowed os.„. 
acetone and UOH .0 produce ((CH,CH,S,0, ..,CH.CH,XOH)S,0,.o,,fo as wht.e ctystallinl 

^_ 1^ J -.9 Hz. 2 H,. 0.,98 J = 7.9 Hz. 6 H,. 0.974 (t, J . 7.9 Hz. 3 H). 0.974 (,. ; = 7 9 Hz 
^' 9 H,. 0.932 „, ; - 7.9 H. 9H,, 6,244 ,br. 3H,; "C N^R (,25 .MHz. CDC,,,: a(pp„, 3.93 („.' 

t ur 56 3" n?' "'il ?; '"-^ ^<-'"' <«• 

30 IL r f . '""•"^""W^ «" ('0%. CM*NaJ-), 595 (,00o/.. (M+ffl-, 
Mod,ficatto„of,h,s procedure wi,l afford continuous and ba.ch-sca,e production 

Preparation of (((CH,,SiO,.,,(CH.CH,OOC,CH,,,.,SiO, J,,,.: One equivalent of 
Tnethoxyethy,u„decanoate and seven equivalents of ntethyltnmethoxy si,ane (,.9g, (were 
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« added dropwise to a refluxing solution of acetone (40ml) and 1 ml „r 



P^P3..on or (((^-C.H,,)S.O„> ,(^H..XQH)..0^,;.._,^ 
<^^.)S.O. ...c.„,,KO„,S,0,..,,,, 35. .^,0H ao ... „.„, J", 

16 authentic ((c-C,H„)SiO,5U(c-CH VOm<s;n m spectrum of 

17 CH ^.-n ^, -^^«^C*H..)(OH)S.O,,).k prepared by the reaction of [((c- 
^^"■iiJ^i^i.shlz,, with aqueous NEt.OH. 

" C.H„,S,0,J,,c.CH„,(OH,SiO,.),,,, ^ [«..CH,SiO,! 

-t^ ■>^0»)S.O,o) J,, (0.46 mmoi) and 35% aqueous NrFtOH.n. r n 

2! refluxed in THF (5 mL) for h rh / ^ ^"^^ 

, . ■ ^ ^ "sufraiized with dilute aaueous HPi c 

22 volatiies afforded a white solid, which was dissolved n E O . T ' ! 

23 MgSa. Filtration and evaoorat^on of the . . ' 

24 hieh vield ^nalvsis of 17 ' — ^-^"-e solid in 

Analysis of the product mixture by ^"Sl X:,R spectroscopy indicated that the 
major product was l((c-C F Win \ u n rr 
'6 C H ,SiO , , '^'"■'>5-°-"<-C,H„)(OHiSiO,,W,,; s^all amo„„,s of (((.. 

-° ^»"m)SiO, were also present. 

^ Preparation of (((c-QH,)SiO,,,TO frotn K(c-C.H,)SiO ) ,- • 

29 fl 35 . 4 . . ^' octamethyltetracyciosiloxane 
(1.3o g, 4.06 mmol) m 2 mL toluene with Me,NOH (9 4 me of -'S'/ .oi • 

30 0 fi-'A n • „ ^ ^ solution m MeOH, 
J'J U.626 mmol) IS allowed for H h at l^n 

HC a mL), ext^acted witK Ht.O (3 mL), evaporated to dryt^ess to give a wHiee pastv 
- whtch cot^tams a mature of 70. f((.C.H,)SiO.).TO 
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1 polydimethvlsiloxane and 

' l^^'^*^5"'''SiO, j),]r,. Analysis by 29Si{iH) NMR 

- spectroscopv revealed [((c-C-H )SiO \ (fru ^ c.n m ,1 

r. iv^c v-;njiiu,.jW(CH,),SiO, o),]r, at (5 -65.76, -68 30 - 

J 68.34, 2.1-4). ' ' 

■■rep.n.tlo. .f l((CHACHCHJSiO,,).((5-nortornene-2.e.hvniCH.»5iin. ^ J,_ 

^ fro. K(CH.,CHCHJSiO,.U(CH,,CHCH0(OH,SiO,,,d,. An E,.0 ,5 „L, .oU^^^, 
I t«CH.).CHCH,,SiO„,.((CH,),CHCHJ(OH)SiO,,)J^ (S90 mg. ,.00 mmo,) was added a 
' mnu:. of dichloromemyl(5-„orbom=„.-2.ethyl)si.ane (™do/«o - 3/1 'S^3 , 
-mol,. E,,N (,95 ^L. ,.4 „™„„, and HuO (5 „L) a. -33 'C. After addi„on ,he 
mature .as warned ,o room .emperamre and s,i™d for 20 h. The mixture was hvdrolvzed 
and ex^aced w„h die*y, ether, washed with bHne, and dried over Na.SO,. Evaporaulrof 
the voiatiles gave [((CH,),CHCH,)SiO, A((5.„orbotne„e-2.ethyl)(CH.))SiO,,),], (720 me, 
12 0.68 mmol) as a white powder in 68% yield. 'H NMR (CDCl.) a O.IO (s. 9H) 0 P (s 3H) 
-^^'^ l-7=H). 0.84.1.05 (m. 194H,, ,.06.,.36 (m. ,8H). ..40-1.5 (m,„,; 0-9 
4 (m^.2H,. ,.9..2.03 (m. 3H). 2.55 (br s. IH), 2.77 ,br s. 3H). 2.78-2.83 (m 4H) 5 93 o 'j - 
'5 . H. -J = 10 3H,, 6.04 (,, = 5 H. = ,0 Hz. IH,. 6.09-6.14 (m. 4H, "c'l^ 
- (CDCl.) 5-1.11. ,5.86. 16.21. 22.58. 23.20. 23.83. 23.98. 24.06. 24.18, 25.76 .5 81 75 ,9 
27.71. 29.50, 32.4,, 33.,0, 4,.89, 4,.97, 42.09, 42.65, 45.,0, 45.20, 46.03. ;;6rn2.35; 
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Preparation l((CHJSiO,A(CR.CCH.(0)CO(CHJ.)SiO,.s),l., An Et^O (SO 
mL) soluHon of Me,hacry,„xypropy,tnchior=silane (0.69 mL, 3,31 nunoi) and 18 

22 b,s{dimethylamino)naph,halene r2.34 g, IO.91 ^noi) .vas added to an BO (70 mU 

23 solution of r((CH,,S,0„,,((CH.KOH)SiO:.,:, (:.26 g. 2.34 .™,ol) at -33 -C The 

24 nuxn:re was further sttrred a. rootn temperanare tor 5 h and then concentrated 
.5 under reduced pressure. The residue was e.xtracted u-.th ether. The i,.o,ub,e 
.6 n^terials were filtered. The filtrate was concentrated to g,ve an oil-hke solid. T7,e 

soltd was passed through a silica gel co,um.n us.ng hexane/Et.O (50:1, as an eluent 
23 Evaporation of the volati.es gave [«CH,;SiO„WCH.=CCH.(0,CO(CH.,,,SiO, 

25 (41. mg, 0.64 nunol) as a white solid in 25% yield. --H NMR (CDCb, 5 0 136 (s 3H) 
30 0.142 (s, 12H,. 0.146 (s. 6H). 0.64-0.72 (m, 2H,. 1.72-1.82 (nv 2H). 1.94 (s, 3H) 4 U (t ] 
^ 1 - 6.78 Hz. 3H), 5.34 (t, / - 1.38 Hz, IH). 6.10 (br s. IH). .3C NMR (CDCb) 0 -4.56, - 
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> 4.48, 8.24. 18.31. 22.19. 66.46, 125.16. 136.53. 167.46. NMR (CDCb) a -6771 - 
2 66.00.-63.69. Calcd for Cul^S^ C. 25.91; a 4.97. Found: C. 25 69- H 4 99 ' ' 
J Preparadoo «f I((CH,C.H,SiOJ.,(CH.=CCH.,(0,CO(CHJJ,H.C)SiO,^,,V 



^^^Q (20 mL) solution of 



mixture nf 



^ K(CH.C.H0SiO J.((CH,C.H,XOH)SiO.,,J^.(,(CH,C.H,)SiO (581.9 mg, 4/1. 0.40 

6 ™.ol) was added a mixture of dichloromethacryloxypropylmeftvlsilane (108 8 

7 0.50 mmol), EbM (139.4 1.00 mmcl). and (3 mL) ae rocn. temperature and 
S stirred tor 20 h, was then hydroly^ed, and extracted w„h d.ethvl ether The extract 
5 was washed with brine, dried over Na.SO. and after evaporaHon of the voUtiles 

■0 save [«CH,C.H.SiO,,W(CH.=CCHJ(0)CO(ay,,(H,C)SiO, ^,]^ (475.5 mg. 0.36 nunol) 

11 as a white solid in 89% yield. « NMR (CDCb) 6 0.43 (s. 3H). 0.85^.90 (m, 2H) 1 87- 

n 1.95 (m. 2H). 1.95 (s. 3H). 142 (s. 6H). 2.43 (s. 12H5, 2.44 (s. 6H). 4.16 (t, 3, . 68 H. 

13 2H). 5.36 (br s, IH). 6.11 (br s, IH), 719-7.29 (m. 18H). 759-768 (m, lOH). 7 71-7 79 

14 (m. 4H). .3C NMR (CDa3) 5 -0.9t :ZS7. 18.24. 21.57. 22.1Z 127.14. 12738, r743 
13 128.49. 128.33, 123.58, 128.64,133.94, 134.16, 134.19, 134.25, 140.23, 140.39, 140 59 
16 167.37. "Si NMR (CDClj) 5 -78.72, -78.51,-76.98, -18.73. 

1 ' Preparation of (((CH,C.H.SiO,>((CH=CH.)(CH J.SiO, A THF (15 mL) 

18 solution of [((CH.C.H,)SiO,_.).,,. (572.9 mg, 0.50 mmol) was added an aqueous 

15 soluhon of Et,NOH (35%, 226.2 .L, 0.55 mmol) at room temperature. .«ter addition 
20 the resulHng mixmre was stirred at the same temperature for 6 h. Tne mLxture was 
2. neutralized w,th IN HCI solution and e.x,racted with diethvl ether The organic 

22 layer was washed with brine, dned over .VlgSO. and volatiles evaoorated to'give 

23 f((CH.C.H,,SiOJ„CH.C.H.)(OH)S,0„,.i.. The (((CH,C,H,)SiO„,, 

24 ((CH,C.H,)(OH)SiO,J,k, was dissolved m an Et:0 (30 mL) and a mixture of 

25 chlorodimethylvinylsilane (505 ^L, 3.66 mmol), Et^N (395 ^L, 4.27 mmol), and Et.O 

26 (3 mL) was added at room temperature and stirred for 7 h. The mixture was 

27 hydrolyzed and extracted with diethyl ether washed with brine, dried over MgSO. 
2S and evaporated to give a solid. Recr>.s,all:zat,on of the solid fmm he.xane afforded 

29 coloriess crystals of (((CH.C.H.SiO„,,((CH.C^,)(OSi(CH,,,(CH=CHJ)SiO,JJ„ (230 

30 mg, 0.18 mmol) in 36% yield. -H NMR (CDQ,) 5 0.38 (s, 18H), 2.33 (s, 9H), 2.34 (s. 
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■»>. 2.39 (s, 3H,, 5.90 (dd, V - 20.4 Hz. V . 3.3 Hz. 3H), 6.03 (dd. V 14 9 Hz >, = 3 s 
»^-;H).6.23(dd,V.:0.4Hz,V.3.SHz,3H,,..0Hd,....Hz,^,,,T,;3^ 
^ '•^H^.^.^-^^(d,V-7.7Hz,6H,,7.4„d,,= .7Hz,6H,,7.53(d,3/'77Hr'2.^, 



^ ;^-U32^, 134.0. X34.„. .34.1. USSS. .9.«, .9.7. :40.3;. ... 
6 5 -/aSI, -77.29, -77.15, -0.50. 

S ''-P^-'on ((((CH.).SiO)SiO,A)z. from l(((CH,CHJ,NO,SiO, ,)., v To a 

d,.„h.v,f„nnamid= (20O ni) was add=d a powd. of [(((CH.CHJ.NO,SiO, „. 9 , 
.0.0 ™„„,) , 3„ ^_ ^ „^ ^^^^ ^^^^^^ J. 

' ^'""^ - ^^'^'^ ^ allowed ,0 

- .0 room ,=„,p.ncur= ov.n,igh. An ice-water (I L) was add«i and ,h. mixture s.im=d 

L . ; ""^'^ ""^'^ ^n^^ over M^o ^d 

™ed. To «,e residue was added a „e,Hano, and .he soiuWe pan was Z^^T 

. nto„o„ ,0 leave a pure ((((CH.,.SiO)SiO,..).K (4.. g, 4.84 nuno>, as a whi.e solid in 48% 
n ^:;-, ™<-^« = 0-(=.^4„, ■•CN^«(CDCl.,5U8.-'SiNMKcCOCl,5 

IS Preparation of K((CH.),SiO,SiO,J,,CH.=CH)(CH.,,SIO,.,J,, To an E..0 (5 

mL, solution of vinyldimethylchlorosilane (121.5 ,uL, 0.3S mrnol) and NE,. (139 4 ^' , 00 
:0 mmol, was added an EuO solution of ((f(CK.,SiOiSiO„J,(((CH,,,SiO,(OH)Sio' ) J. 

- tor 4h and then concentrated under reduced Dr».-„r^ Tn • temperarur- 
T'n. I ui rwULc.a pr.s^urc. Tne resicue was extracted with hexan- 
ine insoiub e materials wer« R)r,.r^H tu^ n "'"i nexan^. 

^ ^-^^ ^"'^^^^ ■•^•^^ concentrated to give a soectroscopic 

i~ ^.o mg, 0.1s mmol) as a whit-* 

L'' nr-'^- » »• ^«<=' 

- -H).6.11(d,y.,5.0Hz.2H,,6.15(d.y.l5.0Hz.2H,. "C NMR (CDCl., 5 0 1 1 ,5^ 
:S ..62^132.00. i38.7,. "Si N^R (CDa,o > 1.24, 10,17. -1.35, -,08.31. -108.70. MSffSIV 

29 Calcd forC„H,»0„Si,.Na, 1243,2. Found- 1243,6 

30 Preparation „f l(((CH.,.SiO,SiO,,J.((C.H.,SiO.,,,,((CH,=CCH.,(0)CO 

- CHJS,0,0,1. fron, l(«CH.).S10,SiO,J,,C.HJ(OH,SiO,J,«(CHASiO, 
-- roH)S,0,,.),|,, An EtaO (8 tnL) solution of methacr.loxypropyWcl^orosilane (3403 
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mU 1.63 mmol) and NEti <'74S n iif s-s- iv 

) iiu iNco (/4a.o ^L, 0.3/ mmol) was added to an p»- r> /- t n , 
of U((ru\<::n\^ r. ^ ,,r. rr """^^ f° 3" Et;0 (/ mL) solution 

mmol) a. C and the mixtare was sHrred a. room temperature for 6 h and ,K 
concentrated under reduced pressure Th. P "f"™ 'or 6 h and then 



'"^"'"W^ materials were filtered and ,h — --^w,^,,^^ 

Tu , '"'"^'^ concentrated to give an oil 

The 0.1 was purged usmg a sUica ge. column and he,ane/E.=0 (50., a an e lue! 

((CH=-CCH,KO,CO(CH.,SiO,,,,,, po.O mg, O.S „™ol, as a whrte solid In 7^ 
y.e.d. ■HNMR,CDa„5 0.n,s,,3H,,0.:6(s,:SH,,ai7,s,,H, 01S,s 9H, o r 

H. :H,, 6.09 ,hr s, :H,, ..35.7.4Z (m. 2H). 7.«.7.43 (rr. ZH), 7. Jt, ,m ^ J 
NMR (CDCU) a 7.93, .30, 2..:, ^6.39. n7.70, „0.^ X :a9l3,03 

r ,:;t ™ ' ™ — - s 

i^.^S,1Zd9. CalcdforC3iH7o0.oSi,4C 32 71HAinc 

/pcT> , ^ . ' 31.99; H, 6.35 MS 

(ESI)Calcdfor 1177.1 [M + NaMl93 1 fM + 1^1* r ^ - ivii, 

^ • Pound: 1177.2 [M + Nal* 10n<" • 

16 1193.2 [M+KIM0%. i>'aj,100,o, 

17 

" lacHcZ" " '«™-<^««--^"'CH.CH)c„o,sro,..,,. 

( =-CH)S,0,,).,„: aqueous solution of N^,OH f33,'.. 2 oL. 0.25 n,™ol, i„ IFF 

-- l'°'"'-.-3S°C)wasaddedroastirr=dsolu,ionofirtCK=CH)^iO 11 n c- 

" " ™F/CHX,,isoproo.„o. ,300 .u 

-ha„o.wa.er and cold .a,h Ir 4.3 e'Con ! s ^ 

35 (20 ™u .33 =C, and ,h= solution was wasi,ed .2 PC T:""' 

26 and sat. a,. NaCl solution ,40 .L). After drvin^l 7'=^ <^ ^ ^» 

2' -.0 (25 -C. 0.01 Torr, a white solid o Z X^^^ ''^T 

n Utru r'L^^c•^ The product 

-8 f((CH,=CH)S.O,5U(CH,=CH)(HO)S.O,o),J., prepared hv rw 

29 ^P---Pica..y pure. Additional punflca;!:^ 

30 from CH ri • accomphshed through recrystallization 
from CH,Cl,/he.xanes,acet.c ac=d (25 X). 'H N^MR (CDCI,. 500.2 MHz, 25 -Q- 5 ^ 6 p 

^ • ^.74 (m, SiCH=CHj, 5.7 (br. SiOH). -C{'H} NTVIR (CDCI, P5 7 IVfHz ^5 ^ , / " 
- r..S. CH. rel. ... 1:1:2, 129.75, .L, I^S^ 
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• '"SiVH} NMR (CDCI3. 99.4 MHz ^5 «rv s -i to / c-^.rx 

- int. 1:2) Mass 9n<.rtr„n, /ccn / ^'v-'nj, '-'-J. -JJO.56 (s, SiCH. rel. 

iviass spectrum (ESI) m/z ca cd for C H O • rvr a. ui- ^ 
3 (20';'o)- fM + Nar <^79 0.1 f ^ r-, '-'»":*U.iSu. [M + H] 6^0.96. found 651.2 

(HO)S,0,,,d,. fr.™ I((B.c.MHCH,CH.CHJSiO,,,.,,: a ,oWo„ of CaBoc' 
00. NE,,OH (35 w<%. 50 .uL. 0.13 mmol) was s„.ed . -35 "C for L 

NHCH,CH,CH,)S,0,.,W(Boc-N«CH,CHXH,XHO.,S,0,.o)J.. a. a colorlc. paste i„ a 63 % 
.2 .VI.M »Si rn, N.,R (CDCU ,,.4 MH. .5 X,: a -57.7,3. ..5.674, .67.4,9 (s, 
1^ ..... Mass Sp.:.. ,ES„ ™. ca,c. fo. C„H,„NA^i, p. . Ka,- ,7:,.7, found 

|5 Prapa„«„„ of l((Cbz-Pro-,NHCH.CaCHJSiO„U(Cbz.Pro-.NHCH,CH.CH ) 

10 (HO)SiO, ,,),]:. from l((Cbz-Pro.NHCH CH CH Kin m a , ■ ' 
17 N■HCHCH^H^^•n "'-"='^"=™=>S'0>.i)Jv A soluMn of [((Cbz-Pro. 

NTCH,CHXH=)S.O, J.],. (0.1, „™„„ i„ caC,,THF/i.opr„pa„ol (-35 "C 75 mL) 

, over Na,SO., and r=mova, of ,h« solven, /„ ^cuo (25 "C. 0.00, Tom afforded (((CbJ. 
Pro-NT,CaCH.CH,SiO,.,((a..P™.N„c„..CH.CH,(HO,SiO.«, a. a coloHessoaL . 
n Vv,,^=.Si,.H,NV,R,C0a,.,,,4.MH.:5T,: . -53... -65.5.3, .«7.470 ,s.., in/ 
U.., M« Spec:„. (ESr, „vz calcd for C.H.o.V.O.^S.: fV, * K.,- 2772.54. fo„„d 

C„ CuZT°° °' "'"'°^'^™='^^"^™=™=™=«'°. »'.«M'OXCHX.>,e,C„, 
CHX„J(„0,SiO,..„, I..Me0.eCH.C.^■eXH,CHX„,S,0,.,,,: A .o,u.io„ o,' 
*M=0 CCH C.Me CHXHXH.,S,0, <0.., „.o„ . CH.CyTHT.sop^pano, (. 

t^o^ZXZ'TZT " ^'""^ " ' ' 

X IQ^U . '^'•™™°"'-»i*a3aruraeda,aeousN-aC,so,u.ion(3 

.X 10 T.L), d-ymg over Na,SO.. and removal of the solven, „ .acuo (25 'C 0 00, ToM 

K(MeO,CCH,CMe,CHXH,CH,)S.O,5).((MeO,CCHXMe,CH,CH,CH,)(HO) 
S.O, 0).],, as a colorless paste in 66 % yield. »Si {'H} NMR (CDCI3. 99.4 MHz ^5 XV 5 

C„H,,,0:,S.,; [M + Na]* 1601.61, found 1602.0. 
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Pr.par,«.. of l(((CHJ.SiO,SiO, J.(((C„ J.SiO,(OH,SiO, To a THF <4 .L, 

soluuon of l(((CHJ.SiO)SiO,A|^ (I69.J me, 0,20 mn,on was add«l , 

-"^ tnmoi.) was added an aqueous solution 

-ummoi)at-40 C. The resulting mixture was srirred between 
-40 to -2. °C for 40 .in Th. mivn,re ^..s,neua.lized-wich-aqu^^ 
mL) and extracted with diethyl e'he- Tl,^ • i 
^ MSSO.. an, evapol:, "■7-- Mne, dHe. ov„ 

r/z/r-u N ^.^.^ spectroscopic pure 

■ t("CH.).S,0,SiO„W,(C„,,S.OXOH)SiO,,J. (,,4. 0.0 a. a wHUe L 

.nm.v.M. ■HN-MR(CDa.,5 0..4,s.«H,. "C NMR (CDC,,) 5 ,.24. ,.28 ='si f«.,R 
(CDCl3)5 12.44. 12.19. -100.12. -109.27. 

u .oms-rr^T •<«""<=''^'°«'°-'.<««-C),SiO„OH,S,0,.,,«CH,=CH, 
OH,S,0,..,,,„.. Th. s,ar,mg polyhedral o,i.o™=nc silica.c ((((H,C),SiO)SiO„,J ^ 

.3 aCo^r r rrrr; r t ^- '^-^ 

14 ^^^n J ^ ^ ^^°'"^'°"°^^'ny'tnmethoxysilane(0 04mL n-)fi 

™^o, and a,u.. KE„OH ,0., 0.25 „»o„ was pr.:^„d fo^ ,0 JZt. L 

added .0 a solo„o„ of t(((H,C),SiO,SiO,..).k (,98 .ns. 0.23 „»o,) and waa s,i,r=d for .5 

=:::jzr:Le:^^^^^^^^ — - «^ 

up in die.y,e=He. m.ered and d.ed ove at r^^t SO "^^ 

~o.ded a .„ow oa (2.3, 0.002.O,. in^^^c^ ;:,ro::~r 

^^i'«»NN'R<"-3MHz.CDa,.25.C,6.„.s,.,«,.,. .,08.0. .,089 MS (ESI 
21 ,00% MeOH):m/e 977.1 (|!vl-Na]-. ■ I . 

Preparation of [((CH.CHJSiO,,),(CH,CHJ(HO)SiO, f„„ 
(((CH,CH,,SiO,.,,|,: A CH:C,:/,-PrOH/THF(10/10/10 mL) so.uHon of 
- I((CH,C„,S,0,..,,, ,259.7 .5, 0.40 ^ol, was added an a.ueous so,u«cn of 
,33%, 4,3.3 .L, 1.20 :n..o„ a. -20 =C. After addiHon .he resulf.„s ™.,.r» 
-0 was snrred at the same temoerature tor 7 h Thp mivw 

' '"^'^ '"'^ mtxture was r^eutraiized with IN 

-/ solution and extracted with diethyl efrhpr "n.. ^ 

„ , -'^^^^^ organic layer was washed with 

nr,e dried over Na^SO. Evaporafon of *e vo,aU,es gave specfroscopicaUv pure 

25 f«CH,CH,SiO...,((CH,CHJ(HO)SiO,.o,,. ,263.5 .g, 0.39 ™r.c„ as a whife solid in 

30 99% y.eid. .H NMR (CDC.,, 5 0.544,.66 (m, 16H,, 0.93-1.04 (m, 24H,, 3.21 (br s 2H) 

31 "C NMR (CDCb) 0 3.94, 4.36, 4.41, 6.42, 6.46, 6.30. ^^i NMR (CDC,,) 5 -66 73 ' 
^2 64.9o,-a,.63. Calcd for C,MM,,Sls: C, 28.80; H. 6.33. Found: C. 28.78; H, 6 43 
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«p„a..„„ .r l«(CH0XH,SIO,.W«CH,)XH,(HO,StO,,,„ fro™ 
Sfs rr'^'"''' ««CH.)..CH,SiO„,.], ,302 0.397 ™e„ d.ssoKed in 

E.N.OH (0.S mL) wa. .„ a,. ^Mo„ „f t(((CH,).CH)SiO , „ .p-c After 7 

"'C""" m.xmre wa. decanted, e.x.racd wi,h E. O (4 x 3 1' > t^" 
dried over anhvdm„. H» <:r^ . . ■ ^ ^ "''->■ Th= «.mci ivas 
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dried over anhvdrous Na-SO ,h.„ . ' 

purified bv colZ c^" ' """'"^^ " =°"<' ^•1--" 

punfied by column clm,ma,oraphy (SiO„ 60%CH,CL in hexanes) „ afTord a 

sp.cTo.cop,caMy pure powder (1S9 m,. 61%). 'H NMR (500 MHz. CDCl ^5 »CV 5 3 on 
r.iOH..H,,..03(brn,.3,.H,.0.,,.r..,a„. ■'CrH, NV. "mhI ^.Cl ' 
' r H ^SH.. forCH,. »Si,.„, WMR 

- 2S69. 1466, 1260. 1 1 12. MS (ESI. 100% MeOH): m/e 802.0 ([M-Nal" 100-/ . -70 
" '""^ ^' C„H„0,.Si. (found,: C. 37.03 (36.^ H 7 38 ,7 54,' ' ' 

Prepararion c, l«.-C.H,,SrO,A((..C.H.)(OH,SiO,.M(CH,=CH,(OH,SiO, |, • 
A solunon of 35% a,ueous NEuOH (0.1 .L. 0.25 ..ol, was added ,o a solin 

T^T tr (2.5 n,L,. The solution was 

sn«d for 1 h then neutralized with dilute aqueous HCl. Evaporation of the volatiles afForderf 
a whtte resin, which was dissolved in Et.O and dried over a^tydrous ngSo! il I 
.V poratton of the solvent affo^ed a white solid ,„ hizh n,ass y eld 
n.u tmnclear NMR spectroscopy and electrospray ntass spectrometry ind^a^tr , 
n^c m..re contained a -6:1 nttxture of f((c-C.H.,S,O.M(c-cI)(OH,SiO, ^ 1^ 
[((c-C.R,iSiO, ..U(c-QH.,XOH,SiO, „W(CH.=C„KOH,S,0: Selected characerizatton 

Si.'H, (99.3 .MH^CDCI-5=C, 0.60.1 (s, 2 Si. Cv-Si-OH). -63.2 ,s 1 Si, - 
691 (s. 2 Si). -69.7 ,s. I Si,. -72.0 (s. I Si. V-Si-OH). 'h W ,500 MHz. CDCL ^5 X) o 
5.90(n,. 3 H. -CH=CH:,; 1.65. U6 ,m. 66 H. OH„, "crH, NMR ,.25.S .MHz CJ>. .5 
°C, o 135.4 ,s. -CH,,: 130 4 (s. -CH-, 27.53. 27.47. 26.S2. 26.67. 26.59. 26.56 ,s Ch",- 

:S Nan ™' ^ """'^ 

Reaction of |((c-C.H„,SiO,.,,J,. with .»,e,,oh at room temperature: A solutton 
of l«e.C.H„,SiO,s).|:. (200 mg. 0.24 mmol) and 35% aoueous NE..OH ,0 I mL 0 75 

Evapora.,o„ of the volatiles afforded a white so„d. wh.ch was dissolved m Et.O and dn^ 
over anhyorous MgSO,. F.ltrat.on and evapotatton of the .olve.nt afforded a wh.,e solid „ 
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I high mass yield. Analysis of the product mixture bv -Si N^m . 
- contained .ainlv [((c-C H )S O . 

• ^*".,)i>iOi.5),j..: A solution of ({(c-C H )SiO U ^T^Z 

aqueous N^UOH(0., ml. 0.:5 . JL ^n "'' T 

(99.. MHz, C6D6, 25 5 .60.4. ^7 2 -69 8 fs M-o. 
„ , , ' ^ ^ smaller amounts of 

b ""reacted [((c-C,H..)SiOi.5)J.3 (5 -68.2,^200/0) Small "Si NMP 

-vj/o;. bmall Si NMR resonances attributable to 
14 tetras.lanol ((c-C,H„)SiO U(c-C H )rom«;.o .i 

i< 1.5''*^^^ ^*"i.)(OH)SiO ),]r. were also observed as u,.n , 

promment oeaks in i "uacivca, as well as 

peaks m the eiectrospray mass spectrum for the [((c-C H )SiO Uf 

Preparation of frr^.r H ^c;/^, w/ ^ 
,0 r».c. '^^^^'«"^S.Oi.5),((c.QH..)(OH)SiO,.o)3],. from (((^ 

'-6"n)SiOi.5),|r^: A solution of U(r.r H \c;r^ 

21 aouco.sN^UOH,0:.L 04,1 ' '""^ 

- . Lo : :r Tr - 

-S solid in ■'3'". v„l,i c ^' Ol-At, Js a wnile microcr:/slall me 

d ,n „ ,v,=ld. Sp=c,roscop,c da,a for produc, matoi,ed ,he da,a ore-iouslv re.„ned 

26 samples of (((c-C.H„)SiO, 5W(..C H )ram<;r, >, u ^"-'"""^ "''^'"^ 

27 oo„de„.a,ionofc.C.H„SiC.3. °^'-=^ ™ hydro.yiic 

23 .repara.io„ or (((c-C.H„,SiO,,«,.C.„„xOH,SiO,oU. r™. 

QH,,)SiOi.5)]v : A solution of frr^ r u \<: r\ 
-0 U(^-CoH,.)S,Oi.5) 200 mg. 0.24 mmol) and i<;o/ 

^0. aqueous NEuOH (0.2 mL. 0.49 mmol) in THF r.- r • 
-!,„,., ™f mL) was stirred at 25 "C for i h ^K 

J I . neutralized wuh dilute aqueous Hri Pvn„« • . <- for I h then 

aqueous HCI. Evaporation of the volatiles afforded a white solid. 
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. ..eve. i„ „„„ ,,^3,^ ^ 

: «<-='«"«iO..^«(^-C.H„XOH,SiO,,„U, . . ,„ ,,,, 

^ 035 »SirH, N^,R M„. CDC,3, =5 "C, 5 -59.4. ^a.S Cs. ■„ NMR 

^ (500 MH. CDCI3. .3 X) a , ,7. ( ^U^.^>^<^.,^,^^^,^^_ 
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' -C, 5 = 27.4- 26.86, 26.62(CH2); 23.6S. 23.,6 (2:1. SICHV MS (ESI .OO-' 

6 M.OH,: S46 (M^H*. 48%); M^Na^, 95%,; 335 (.M* . H . K, ,00%) 

Pr.p..,i„„ Of l((C.H,CH=CH,SiO,.,.((C.H.CH=CH,(OH)SiO,^,,, fr„. 
l«C.H,CH=C„,SiO„,,,: , CH,C,„-.PK)P.THF(4,4.4 ^, 

ic icmpcraiure ror 5 h. The mixture was neutralized wirh ] m i • 

1^ with diethyl ether Th. • , "^urraiized with IN HCl solution and extracted 

^ «(C.H.CH<H,S,0,,W,C.„.CH=CHXOH,S.O,,J. ,„2.4 0.09 J„ . . 

^ »W in 39% .ie,.. .H NMK (CDC,, 5 5.33 (br s. 2H,, 6.3,-6.45 (.. ,6H,. 7.2,-7 5, (. 

' 40H,. ..c (CDC, a „7.4,, ,,7.76, ,,7.96, ,26.90. ,23.43, ,23.50, ,23.53 ,7, 75' 

: - -c,: a : 

' Pr.p.„«„„ Of (((C.H,CHXH.SiO„U(C.H,CH.CH,(OH)S,Oj,,-, f.o. 

I («C.H,CH,CH.)SiO ),!-,: CH n , d-^u,-- 

CHXI,,-PrtDHTr.F (S/S.-'S mL) solution of 

o . 4,.0 1. 0.60 mn,ol, a, -35 'C. After addidon .he .-«ul„„g ^i.„u.e .as s„,.ed a, .he 
same le.-nperature for 4 h. The mi.xtu« was neutraiized .-irh . M Hr-i , 

^.pora-e. he residue passed ^ugh a si,iea ,e, coiu™ us,n. hexan.^.^ °2:„t 

Evaporauon of ^^^^ 

(((C.H,CH,CH.SiO.,,((C.H,CRCR,(OH,SiO„,J, (225.3 ... 0 ,3 „™o., as a colorless 
».> in 83% yield. ■„ NMR (CDCI,, 0 l.i,-,.25 ,6H,, 2.86-2.98 (n,. ,6H,, 5 ^4 (br s 
2H,, 7.25.7.47 (m, 40H). ■'C N^R (CDC,., 3 , 3.56, ,4., 9, ,4.30, 28.90, 23 95 7393" 
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1 "25.74. 125.84, 127.71. 127.83. 128.^9 PS 33 

2 (CDa,,5-.7.75, -.5.9,, -58.35. ' ^"^ 

Pr.p.r.«„„ l«CH.C.H,SiO,,U<CH,C.H.„0„,SIO^J„ fro™ 

J l((CH,C.HJSiO ).),,: A „r~..^ 

^ A procedure simiUr ,o ,hat used for 

TOHXH3rO,u,.. H,.HXH,(OH)S,0,.,,b was used ,o produce 
6 [«CH,C.H.SIO,,U(CH,C.H.XO„,SiOJd,. -H ,MMR (CDa3, 6 2,36 (s, 6H, 7« . 
' HH), ,3, 6H, 6,03 ,br s, 2H,. 7.08 (d. V - 7.3 Hz. 4H,, 7.16 (a, , = , 3 hI SW 
..(.. = 7.SH.4H,,7.56(d,.,.7.5H.4H,,7.62(d,. = .,;., „,,4"; ; 
- Hz. 4H,. ..r MMR (COa,) 5 21.50, 21.53, 21.56. 127.10, 127.29, X 765 VsL 
128,48, 123.53, 134.25, 140.26, 140.31, 140.56. ^> NMR (CDC, 3 -i^! 
;--^™.MeOH):./zC.,cdforCs^,^,.,.aa^^^^ 

3 iSr '"'"'"^ --"o,3suk(2o.,::2oi.2. 

A iwi- (100 mL) solution Qf[(r^r r c.n \ t /r ^, i^-^"" 
6 so,.,o„ Of Me,NOH (25./ 90 1 4 50" " ' 

wi* .N HCI so,„,io„ and „ ^u, ZZ^J tL J T'^' "'^ 
brine, dried over M.SO . . ° ' '"^^ '™ *^'>='' 

0 co,u„,„ he „°' ~ rV^^'"^ ^"^^^^ ^ 

1 r H ^ A > „ ^ „ Evaporation of the volatile: gave pure flc- 
C.H„S,0,,),(c.C.H„XOH)SiO,.,J.. (4.60 s. 4 ,3 ,n.o„ as a „„te soUd ,n yle d 'H 

CDC'' "i i; 0 ■ ■^"■«' -NMR (»♦ MHZ. 

a"'; ;rc T " ^^'-^ 

° ^' 'ntensicvj: m-e I0I5 rfM H ,r imx . , 

Calcd for W,3Si, (found): C, 52.42 (52.32). H. 8.25 (8 68) ' ' ' 

Reaction of (((CH3)XHCH.)SIO.,),,,, with NEt.OH at roo. temperature . 
solution of 35% NEtaOH in water (0 1 1 mL 0 ^5 r,n,nn . ""Perature. A 

r tu. 1 1 mL, 0.2i mmol) was added to a THF (5 mL) solutinn 
of [((CH,)3CHCH,)SiO,5),]., (0^0 . 0^3 mnnh r- , • "^>^°'"t'on 

\.5ui-i iu._u ^, u.Zj mmol). Tne solution was stirred at m^rr. 
.emperacure for , h and then nentral.zed .,th an a,ueous solutton of HC, 

,S0. and nitered. Evaporanon „, the solv..n, afforded ,n 35% n,ass yield a ntilky white oil 
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containing (bv -'Si NVR <rr>»^» - 

= ( . S. N^R .pecoscopy and ESI MS) unreacted f((CH3).CHCH.)SiO. 

^/-)' f«^«^):^HCH,)SiO,.MCH,),CHCH,)(OH)SiO,o) p^o^ 

[((CH,),CHCH,)SiO...),((CH,,CHCH.)(OH)SiO,o),,. (,3;^ ' '^^^^ 

C((CH,),CHCH,)Si Oi 3),((CH3),CHCH,)(QHV^in „i 1. nao.-, o , "* 



S 
9 
10 



C 5 .5,.9. .68.5 0:,..3,; MS (ES,. ,00% M=OH,: , r„ .m^h". 3%) .a 8U 
M-a^.^. .0. («CH,,CHC„,SiO,,,,C„„(0„,S,0,.)J, -SiCH, NMR 
"C, a .5,.. .«.3. ,3. a:.:2,: MS (ES, ,00.. M=0„): 8„ 
«iu (M+Na , 5o/g\ _ 

Pr„„ or .«CH,.C„C„,SiO.,„CH,XHCH0,O„,SiO,..,,, 
l((CHACHCHJSiO,Jl..: A solution of (((CHJ.CHCH ISiO 11 ... 
and 35% a„u„us NE, oH fO ^ n "■'■'""^JS'Oi.jWi. (400 mg, 0.46 mmo,) 

Muraus NKtjOH (0.2 mL. 0.49 mmo ) was rtfluxsd in THP l^^tsr . u ^ 
neuMHzed with dilute aousou, Hn c ' ' " 

which . , OS dissolved n EToTdd H °' ^'^"^^'^ ^ '"^"^ 

ssolvcd ,n E..0 and d„=d over ari,ydrous MgSa. Fitation and evaporation of 

*= solvent attottied crude (((CH,,,CHCHJSiO: ,„(CH,,,CHCH0(OH)SiO, -) 1. as a white 
resinous substance in M"/ vJ-m n ^ , - .J\ ^)'=>^^\ ih\z-! as a white 

acetonttnle/toluene ^!'-'-;0..a,s were obtained b, t.ctysta,Uzat,on frotn 

selected characterization data for 

[«CH„CHCH,S,0, ,U(CK,,XHCHJ(OH)SiO.,,k,.-Si,.H, N^tR ,99.3 MHz C.D. 

CH,)."C('HjNMR(,25.8MHz CD 2S=o - - '"Hz.JH, 
CH,,, 24., (s, CH,,; 24.05 (s. CH.); 24.0 (s. CHJ; 23.4 (s. CH); 23.0 (s. CH,- 2^ (s CH ' 

Preparation of l((CH.,,CHCH0SiO,,W(CHJ.CHCHJ(OH)SiO„,.,^ f„„ 
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« K(CH,),CHCH,)SiO,c)J. . A . 

= WCH.CHCHio ^"^^ '^-^^ -I-' 

^ followed by 1 hour of s.irn„. p' , . "'^ "o 

0 >h» r=sul„„s solution gave w„v soliH, ° ° Evaporauon of 



.h. resuhin,. solu.io„ gave waxy solid/T' ""™"'™™""^^-«"C-Ev5poSioira 
reosoUiz^d us,n, acetone and L ' P" - 7 and 

Preparation of rrrCH ^ ru nur^rr F^iuy. 
fron- l((CH.),CH.CHCH,CH )SiO >1 :A"H)S.O,„),|^ 
'4 (96.82 ™,ol (((CH,,.CH CHOT Ch' Kr." J ^ '-' ^ « 

" and a, co.p,«.o„ *e reacUon^/n^to ^"'"'^ "^^^ 

18 ™h-Pids.imngov=.apenodof,horlTnf • ' ^ „i, 

" '25.7g (97 •/.) Of ,He colorless l^uid p'd^ H wr^n!^''"'' 

24.36:24^9 ' '^'^ '"---'-'S; 25.59; 25.49; 2J.30; 25.22: 25 00- 



22 
23 



Preparation of l«CH,.CH,C„CH.CH,SiO,.sU,CH,.CHCH.„0H,SIO , , 
, . S-'"- similar procedure ,0 ,hai reponec 

26 in aceione ,0 prepare oil- ,n,H ' -"^''''■■'^"'^''■•^°"«'0^»)..Jr. be using LiOH 

,( -™=CHCH,CH.,SiO.,,,(C„,XHCH,,OH,S.O,,,,,a„, f((CH,,CH,CHCH,CH, 

-S 5'O-«<CH,)=CHCH,;(OH)SiO,,y,..HNMR,500 MHzCDCn o- 

2» 0.755 ,™. , H), 0.908 (s. 9 H). ,.002 (™ 3 H) 17" ^ ' ' 

30 H,, 6.240 ,br. 3 H,; "C NMR ,,,5 iMhT Coa ( ' ' ' 

3' 25.65. 25.39. 29.65. 29.90. 30.64 ^ : 

3-) rnri ^ s/ v ' (99.4 MHz 

-s- <-DCI,): 5(ppm) -68.66. -68 43 -67 54 A7 -o ivinz, 

33 ■ iO« . H.0,. ,052 (,00,. .rC^^^^^^Z^' 



s 

9 
10 



WO 01/10871 

PCT/US0O/214S5 

40 

^ .. ".CH:XOms,0,,)J,,asawh.t=solid. SelecKdchar.cterizalionda.a- 

Sil HI NMR (99.3 MHz. C.D. 'OS - ^ j . , 

« - -S*-*. -64.S. 65.9 (JM.JNIS (ESI. 100% 
M=OH): m/c: 595 (M+H'. 100%); 617 (M+Na'. 60%). 

l«CH..S,0,.,,,CH.,(0H)S,0,.,,,,r.„™,((CH,)S10,.).,,. ATHF 
(3^ mL, suspension of [((CH,SiO,.),. (3.5 g, 1S.S3 nunol, was added an aqueous 

- ;^--ofE.NOH(35*.6.51.U:5.83nu™,)a..oon,..pe„«..e. Ai.,addl.l„n 
.he resulnns m„n,.e was sH^d a. *e sa™ .n.pe...u.e fo. 20 h. T,,e „^ 

"ith m HQ so,u«on and e,™ die*,., ethe. The organic 
;:r"r =-.--onoahevo,aa,esgLa 

- (M OH to °' *^ ''^"^ ^ 

3 ' WH:0 = ZS/l) a«o.ded t((CH,SiO,.),(CH,),OH)S10,.,).., „.35 g. 2.72 nunol) 

as a whi.e powder in 17% yield. -H NMR (CDCh, 5 0.13 (s, 9H), 0.14 (s, 3H) 0 15 (s 
a„ H). .3C.MK(COC.,3..50,..35. =.1 ..M. (COO, a -.5. ' 

- Cal.d fo. C 1.9. H. Pound: C, 17.16; H, .39. MS 
-' ««0«>^ *W.9« (M-H-, 100%.,: 513.36 r.M.Na", 

" Prep.r.,i„„ l((c-C.H„,SiO,.,),„c.C.H„)(OH,SiO,..,.fc f„„ 

mmolj ana j:u aqueous NEt-OH fO -> mf n iq . ^ 
-•^ ^"en neutralized with dilute -^aueniK: wri c . rni.; ror d h 

26 which was dissolved i„ E n h . ! ^ff°'''=^ " 

- ,h, , °" "^'^°""'''^'''''^=^^>"^"'"=MgSO.. Fil,ra.io„ and evaporation of 

- . a whi.e .icro.,s,al,l„e solid in hi,h ,le,d. .^al.s,s or,hV I 

3 .™ - s, HMR spec^scop, indicted .Ha, ,he ..or p.o„o, J ((„. 

30 ™a,l a„,ou„,s of (((.C.H„,SiO,.,,, were also 

Preparation l((-C,H,,SiO,,,,((c-C,H,(OH)SiO,.,,,^ from ((c.C,H.)SiO„|v A 
i-L reaaor cqu.pped wl.h a n,echa„,cal suner. addulon pu..p and drying ,ube. was ch^d 
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with 443.4 g (457.2 mmol) ((c.C,a,)SiO, ,1, ;«,d 6 0 L THF a k 
M.OH., 25 w, 212 mL) and THF n 4 > 

th=r«uta„gn,murcgave(((c.C5H9)S,OI.5|4((c-C5H9)(OH)SiO10ri . . 
(81 %) ofwhi,e solids a, 98% pun-v. ■„ MV,R CDCl, 6 n » , L"* " * 

S S CR. m); 1,56 (16 H. 8 x CH, m)- 1 46 '(r H r„ 

10 7, V . • -^-O- 27.06: 2-.0:; 27.00 ^6 99. 7. ss- J. 

app.™, .0 ,hosc :t:t -"'"'■''"'""^ "° 

in.«p™edascov=ri„.all uch i / . *= "c 

scope Of invj™; '""'"'^"•'""^ ^ spin, -d 

17 What is claimed is: 
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CLAIMS 



4 



I. The p^cess of .i„g ,^es ,o =onv„ po,vs..3«,uiox.„e .sins ,„,„ POSS 
Mnostractures of ihc tjTjj: homoleptic ffRSiO l ' h , , , 
^ °iept,c [(RS.O,,).,,.. he,irolep,.c [(RSiO, ,)jRSiO, . ij,. ^ 

=.oichion,cmc composidon - ; " " 



- H= P.OC.SS of usins ,.ses . convex POSS f.,„„. «RSiO,,URXSiO, ,.t. i„,o 



^ l(RS.O,,)„(RSiO.,)Jr. and functionalized heteroleptic [(RSiO,5)JR:<SiO,o)J:,. 



tic 



KRS,0,,)J^, h«erol=pd= t(RSiO,5).(RSiOu)J. .mo funcionalized h=,=™iep,ic 
t(RSiO,.5).(RXSiO,.o).fc. POSS nanosiractures. 



4. _ The proofs Of r«c„„g POSS rragn,e..s w.,h POSS and silica„ „»„„s ,o 
.on„ n:ncuo„ailz.d he.erolepnc l(RS.O„).(R.XSiO,,).k. r(XSiO,,).(R.XSiO, „, J, POSS 



Th= proc«s of d,r=c.,, manufac.nnj :,RSiO,.,,(R.XSiO: „) K from 
Po,ys,.s«,.i„.a„es ;rRSiO.,,„J,, nonfu„«,o.-,aiized [(RSiO, ,,(Rs,0, 3) . Poss 
POSS fragment t,RSiO„).,R.XSiO,,,.J, „s,„8 base ^ shown in f,< 



i2ure. 
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Siltaquioiwc Raw 



runcnonahzeU POSS 



^ 



POSS Fraemcnu 



Functionaiizcd POSS Nanosirucrurts 
POSS Nanostnicjurcs POSS Nanosiructures 



6. The process for the seauential erowth of PO^^ fr.^ . u 

. ^rowm ot FOSS fragments, homoleptic [(RSiOi 5)nlr 

i.5;AKA:.iUi.o),]r, POSS nanostnictures from POSS fraaments usin. 
base, as shown in the figure ^^a^nients using 



POSS Fragments 

X I? ^ * ^ 



R 



POSS Nanostnictures and Functionaiizea POSS Nanostmcturss 



The, 



c.™os,u„„s reported ,„ .h= =x™p,« fo, ho.oicpdc ((RSiO,,,„t. h«ero,=p,ic 

S,0,,URS,O,,U. and func,:o„a„«d h«ro,„.,c !,RSiO,,,.(R.KS,0,,,J,. POSS and 
ru55 Silicate nanostructures. 
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